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DISCLAIMER

This report has been reviewed by the Environmental Criteria and °
Assessment Office, U.S. Environmental Protection Agency, and approved
for publication. Mention of trade names or commercial products does not

constitute endorsement or,recommendation'for use.

AVAILABILITY NOTICE
This document is available to the public through the National

Technical Information Service, (NTIS), Springfield, Virginia 22161.
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FOREWORD

section 304 (a)(1) of the Clean Water Act of 1977 (P.L. 95-217),

requires the Administrator of the Environmental Protection Agency to
. publish criteria for water quality accurately raflecting the latest.
scientific‘knouled?e on the kind and extent of all identifiable effects

on health and welfare which may be expected from the presence of

. pollutants in any body of water, including ground water. Proposed water
uality criteria for the 65 toxic pollutants listed under section 307

?a)(l) of the Clean Water Act were developed and a notice of their

availability was published for public comment on March 15, 1979 (44 FR

« 15926), July 25, 1979 (44 FR 43660), and October 1, 1979 (44 FR 56628).

This document is a revision of those proposed criteria based upon a
consideration of comments received from other Federal Agencies, State
agencies, special interest groups, and individual scientists. The
criteria contained in this document replace any previously published EPA
criteria for the 65 pollutants. This criterion document is also
published in satisifaction of paragraph 11 of the Settlement Agreement
2n Natural Resources Defense Council, et. al. vs. Train, 8 ERC 2120

'Dcc . .

The term "water quality criteria® is used in two sections of the
Clean Water Act, section 304 (a)(1l) and section 303 (c)(2). The term has
a different program impact in each section. In section 304, the term
represents a non-regulatory, scientific assessment of ecological ef-
fects. The criteria presented in this publication are such scientific
assessments. Such water quality criteria associated with specific
» stream uses when adopted as State water quality standards under section
303 become enforceable maximum acceptable levels of a pollutant in
ambient waters. The water quality criteria adopted in the State water
quality standards could have the same numerical limits as the criteria
developed under section 304. However, in many situations States may want
to adjust water quality criteria developed under section 304 to reflect
v local environmental conditions and human exposure patterns before
incorporation into water quality standards. - It is not until their
adoption as part of the State water quality standards that the criteria
become regulatory.

Toat

Guidelines to assist the States in the modification of criteria
presented in this document, in the development of water quality
standards, and in other water-related programs of this Agency, are being
developed by EPA.

STEVEN SCHATZOW
Deputy Assistant Administrator
Office of Water Regulations and Standards
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CRITERIA DOCUMENT

ALDRIN-DIELDRIN
CRITERIA <
‘Aguatic Life
Dieldrin

Por. dieldrin the criterion to protect ftesh;ater aquatic iifq
as derived using the Guidelines is 0.6019 ng/l as a 24-hour avé:-
age, and the concentzation sﬁould not exceed ;zg hg/l at any time.

For dieldrin the criterion éo ptbtect saltwater aquatic life
as derived using the Guidelines is 0.0019 ung/l as a 24-hour aver-
age, and the concentration-should not exceed 0.71 ug/l at any time.
Aldrin .

Por freshwater aquatic life the concentration of aldrin should
not exceed gﬁ% pg/l at any time. No data are available concerning
the chronic toxicity of aldrin to sensitive freshwvater aquatic
life. '

For saltwater aquatic life the concentration of aldrih shéuld
not exceed 1.3 nug/l at any time. No data are available cbncerﬁing

the chronic toxicity of aldrin to sensitive saltwater aquatic life.

Human Health
For the maximum protection of human health from the potential
carcinogenic effects due to exposure of aldrin through inéestioh of
contaminated water and contaminated aqdatic organisms, the ambient
water concentration should be zero based on; the non-threshold
assumption for this chemical. However, zero level may not be

attainable at the present time. Therefore, the levels which may

vi




:esuﬁ.t in incremental increase of cancer risk over the lifetime are
estimated at 1073, 107% and 10-7. The corresponding recommended
critofta are 0.74‘ng/1.:0.074 ng/l,-and 0.0074 ng/l, respectively.
If the above estimatés are made for consumptioh of aquatic organ-

isms only, excluding conéumption of water, the levels are 0.79

" ng/1, 0.079 ng/1l, and 0.0079 ng/l, respectively.

For the maximum protection of human health fzém the potential

carcinogenic effects due to exposufe of dieldrin through idgestion

‘ of contaminated ~water and contaminated aquatic 6:ganisms, the

o

ambient water concentration should be zero based' on the non-
threshold assumption for this chemical. However, zefo level may

not be attainable at the present time. Thefefore, the levels which

* may result in incrgmenial increase of cancer risk over the lifetime

are estimated at 10”3, 10°% and 10”7, The co:respondiﬁg recom-

mended criteria are 0.71 ng/l, 0.071 ng/l, and 0.0071 ng/l, respec-

tively. If the above estimates are made for consumption of aquatic

* organisms only, excluding consumption of water, the levels are 0.76

ng/l, 0.076 ng/l, 0.076 ng/l, and 0.0076 ng/l, respectively.

vii







INTRODUCTION
Aldcin- and - dieldrin have been tvo of the most widely used
domestic pesticides. They are chlorinated hydrocarbon compounds.

Althoqgh'ild:in is used in greater quantity thtan dieldrin, aldrin

- quickly transforms into dieldrin in the environment. Hence, there

k.

i{s concern with both compdunda. The primary use of the chemicals
in the past was for control of cérn pests, although they were also
used by the citrus industry. Uses are restricted to those where
there is no effluent discharge.

Aldrin use in the United States peaked at 19 million pounds in

1966 but dropped to about 10.5 million pounds in 1970. During that

' same period dieldrin use decreased from 1 million pounds to about

(XS

670,000 pounds. The decreased use has been attributed ptimétily to
increaéed insect resistance to the two chemicals and to development
and availability of substitute materials.

Aldrin and dieldrin have been the subject of litigation bear-
ing upon the contention that these substances cause severe aguatic
environmental change and are potential carcinogens. In 1970, the
U.S. Department oflAQriculiure cancelled all registraiions of these
pesticides based upon a concern to limit dispersal in or on aquatic
areas. In 1972, under the Authority of the Fungicide, Insecticide,
Rodenticide Act as amended by the Federal Pesticide Control Act of

1972, USCS Section 135, et. sec., an EPA order lifted cancellation

of all registered aldrin and dieldrin for use in deep ground insef- '

tions for termite control, nursery clipping of roots and tops of
non~food plants, and mothproofing of woolen te#tiles and carpets

where there is no effluent discharge. In 1974, cancellation
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proccid!ngs.disclosed the severe ha;a:d to human health and suspen-
sion of registration of aldrin and dieldrin use vas ordered; pro-
duction was restricted for all pesticide products containing aidxin
or di;ldtin. Hovever, formulated products containing aldrin and
dieldrin are. imported from Europe each year solely for subsurface
soil injection for termite control. Therefore, limits that protect
all receiving wvater uses must be placed on aldrin and dieldrin.
The litigation has produced the evidentiary basis for the Adminis-
trator's conclusions that aldrin/dieldrin are carcinogenic in mice
and rats, approved the Agency's extrapolation t§ humans of daﬁa
derived from tests on animals, and affirméd the conclusions thgt
aldrin and dieldrin pose a substantial risk of cancer to humans,
which constitutes an "imminent hazard" to man.

Aldrin and dieldzin.are whitg crystalline shbstancei with
aldrin mélting at 104°C and dieldrin melting between 176 to 177°%.
Both are soluble in organic solvents with dieldrin the least‘solﬁ-
ble of the two. The chemical name for aldrin is 1, 2, 3, 4, 10, 10~
hexachloro-1, 4, 4a, 5, 8, 8a-hexahydro-l, 4: 5, 8-exo-dimethano-
naphathalene. The chemical name for dieldrin is 1, 2, 3, 4, 10, 10~
hexachloro-6, f-epoxy-l, 4, 4a, 5, 6, 7, 8, 8a-octahydro-endo, exo-
1, 4: 5, 8-éimethaﬁonaphthalene.

Aldrin is metabolically converted to Qieldrin. This epoxida-
tion has been shown to occur in several spgéies including mammais
and poultry, houseflies, locusts, soil microorganisms, a large
number of Lepidoptera species, freshwater fish (qakstaitez, 1968),
and a number of freshwater invertebrates including protozoa, co-

elenterates, worms, arthropods, molluscs, and lobsters. The aldrin
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molecule is bioclogically altered in the environment to0 a more sta-
ble and at loasi‘cqually toxic form, dieldrin. Dield:in is known
to be metabolically degraded as shown by Matsumura and-Boush (1967)

and Patil, et al. (1972); however, its pe:sistence in the environ-

ment is due to its extremely low volatility (i.e.. a vapor pressure

of 1.78 x 10°7 mm mercury at. 20°C) and low solubility in water (186
ug/i at 25 to 29°C) (Int. Agency Res. CAncer, 1974}. In addition,

- dieldrin is extremely apolar, resulting in a high affinity for fat

which accounts fog its retentidn in animal fats, plant vaxes, and
other such organic matter in the environment. The fat solubility
of dieldrin results in thé progressive accumulation in the food
chain which may result in a concentration in an organism which
would exceed the lethal limit for a consumer.

Many organisms not in d1rect contact with contaminated water
and sedimént accunmulate aldrln/dleldrin from the food supply. This
biological concentration results in tissue concentrations many
times those found in the surrounding environment (Sanborn and Yu,
1973). Concentrations _increase in the food chain reaching the
carnivores at the tép including man.

Dieldrin is probably the most stable ingecticide among the
cyclodienes (i.e;, ijsodrin-endrin; heptaclor-heptachlor epoxide).

The time required for 95 percent of the dieldrin to disappear from

. soil has been estimated to vary from 5 to 25 years depending upon

the microbial flora of the soil (Edwards, 1966). Dieldrin applied."
at 100 ppm has been shown to persist in soil for more than six years

(Westlake and San Antoﬂio, 1960), while at 25 ppm in a different

soil type, a 50 percent loss was found at seven years (Nash and




Woolson, 1967). When applied to sandy soil at a rate of 100 ppm,
residuss could be found 15 years later. uatsuﬁu:a and Boush (1967)
found'that of 577 bacterial isolates collected from areas heavily
contaminated vith dieldrin, 10 isolates would alter dieldrin to two
to nine unidentified metabolites. The microbes were members ofA
Elgudomﬁnas. Bacillps, and Trichoderma genera. Subsequent micro-
"biological studies by Wedemeyer (1968) revealed that Aerobacter
aerogenes also will alter dieldrin similarly to 6,7- trans-dihydro--
xydihydroaldrin. Chacko, et al. (1966) tested this capability of
17 species of fungi and-actinomycetes. Though moét degraded penta-
chloronitrobenzene (PCNE) or DDT or both, none degraded dieldrin.
Patil, et al. (1972), studied the metabolié transformations of
aldrin/dieldrin by marine algae, surface film, sediments, and wa-
ter. They found that the insecticide was not degraded or metaﬁo-.
lized in sea water or polluted waters. Some marine algal popula-
tions were shown to degrade aldrin to dieldrin. |
Alterations of dieldrin by bacterial systems result in the
formation of at least one acidic product (Matsumu:ﬁ and Boush,
1967). Once in the fatty tissue of organisms, dieldrin remains
stable, according to Sanborn and Yu (1973). However, dieldrin can
be mobilized from fatty tissue as demonstrated by Brockway (1973);
for example, when fish are placed in an enviromment without diel-
drin, there is an elimination from the tissue (Brockway, 1973).
The elimination rate depends upon the diet with fasted fish elim-
inating dieldrin more rapidly than fed fish because of the utiliza-

tion of fat stores (Grzenda, et al. 1972).




The dieldrin eliminated from the tissues reenters the w;tor
and thus becomes available for bioconcentration by other organisms.
The movement of dieldrin among organisms, water, and sediment is

dynamic, with equilibrium attained when the chemical concentration

is éonst‘ant.
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Aquatic Life Toxicology*
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INTRODUCTION

Aldrin and dieldrin are members of a group of synthetic cyclic hydrocar- .

bons called cyclodienes. The group includes other insecticides such as

" chlordane, heptachlor, endosulfan, and endrin. Until recently, aldrin and

dieldrin were the most widely used domestic pesticides, With aldrin béing
applied in much greater- quantities than dieldrin. Aldrin was applied to
soils and foliage using soil injection or aerial techniques. Since leaching
by water was minimal, soil erosion and sediment transport were the two.major
routes for aldrin to enter aquatic environments. However, these pesticides
are often considered together because aldrin is rapidly converted to diel-
drig by metabolism by animals and piants or by photodecomposition. This
conyersion is accomplished through the addition of an epoxide group to the
aldrin molecule.

Since aldrin is rapidly converted to dieldrin and since adequate data
are not available for the species reauired by the methodology, no criterion -
has been developed for aldrin. . The following discussion is based on diel-
drin data only except where specifically noted otherwise.

| EFFECTS

Acute Toxicity

Results of 14 freshwater acute toxicity tests on dieldrin and inverte-
brate species are presented in Table 1. A1l of these tests were conducted

under static conditions, and concentrations were not measured. The results -

*The reader is referred to the Guidelines for Deriving Water Quality Crite-
ria for the Protection of Aauatic Life and Its Uses in order to understand
this section better. The attached tables contain pertinent available data,
and at the bottoms of the appropriate tables are calculations deriving vari-
ous measures of toxicity as described in the Guidelines. ,




ranged from a 96-hour LC50 value of 5.0 ug/1 for the isopod Asellus brevi-

caudus to 740 yg/1 for a crayfish (Sanders, 1972). This range of about 150.
times demonstrates definite differences in species sensitivity to this
compound. | |

Results of 12 acute toxicity tests with freshwater  invertebrate species
and aldrin are also presented in Table 1. Each ?est was conducted so that-
data could be compared with data obtained from comparable tests with diel-
drin. Aldrin 96-hour LCSO values range from 8 ug/1 for an isopod (San-

ders, 1972) to 38,500 pg/1 for the scud, Gimmarus lacustris (Gaufin, et al.

1965). Generally, the LCSO vafues for aldrin are higher than those for
dieldrin, except for cladoceran species which are more sensitive to aldrin.

Sixty-five acute toxicity tests on dieldrin and freshwater fish species
are reported in Table 1. The tests were conducted with eight species of
fishes including both coldwater and warmwater fishes; A1l of the tests were
static, and none included measured concentrations. |

The most sensitive fish species tested was the réinbow trout with
96~hour LCsp values between 1.1 and 9.9 ug/]Q The other'sa1monids, coho
and chinook salmon; had 96-hour LCgq values of 10.8 and 6.1 ug/l, respec-
tively. The most resistant fish species was the goldfish with a 96-hour
LCSD value of 41 ug/1. 1In the middle of the range, between the salmonids
and the goldfish, were fathead minnows (range 16 to 36 ug/1) and the blue-
gil1l (range 8 to 32 ug/1). Special attention should be given to the data on
the guppy in the report by Chadwick and Kiigemagi (1968) concerning the de-
velopment of a toxicant delivery system. To determine the efficiency of the
system, toxicity tests with the guppy were conducted over an extended time
period, and the data are included in Table 1. Thirty-eight of the six-

ty-five test results are from this study; they range from 2.3 to 10 pg/1.
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Twenty tests were conducted on aldrin with 12 freshwater fish specieé.

~The range of the 96-hour LC50 values (2.2.to 45.9 ug/1) is similar to the

range (1.1 to 41 ug/1) obtained for dieldrin. Comparison of results from

" tests on both aldrin and dieldrin with the same fish species by the same

_ author shows that the toxicities of these two chemicals to a given fish spe-

cies are generally very similar (Henderson, et al..1959; Katz, 1961; Macek,
ét.a1. 1969).

Acute toxicity tests with aldrin and dieldrin have established that
these compounds are toxic to freshwater aquatic life at low concentrations.
Baéed on species mean acute values summarized in Table 3, the Freshwater
Final Acute Value for dieldrin, derived from the species mean acute values

using the procedure described in the Guidelines, is 2.5 ug/l. Similarly, the

Freshwater Final Acute Value for aldrin is 3.0 ug/l.

Saltwater invertebrate species are acutely sensitive to both aldrin and
dieldrin, but there are greater differences in reported LCgq v&]ues for
these species than for saltwater fish species (Table 1). Saltwater inverte- )

brate acute values ranged from 0.37 to 33.0 ug/1 for aldrin and from 0.28 to

50 ug/1 for dieldrin (Tables 1 and 6). The most sensitive species to aldrin

in a 96-hour test (Table 1) was Korean shrimp with LCgq values of 0.74 and
3.0 ug/1 (Schoettger, 1970). The commercially important pink shrimp was the
most sensitive species to dieldrin in a 96-hour test (Table 1) with an
LCgqy value of 0.7 ug/1 (Parrish, et al. 1973). Other invertebrate species

were less sensitive to dieldrin, and their acute LCgg values ranged from

3.7 to 50 ug/1 (Table 1).,

A1l species of saltwater fishes tested were sensitive to acute exposures

to aldrin or die]drin (Table 1). In aldrin exposures, the 96-hour -LC50

values for 11 fish species ranged from 2.03 wg/1 for dwarf perch (Earnest
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and Benville, 1972) to 100 ug/1 for striped mullet (Eisler, 1970b). The
acute LCg, values for 13 fish species exposedcto dieldrin ranged from 0.9
ug/1 for American eel to 34.0 ug/1 for northern puffer (Eisler, 1970b).
Generally, the LCSO values for aldrin are slightly higher than those for
die]drin‘in_tests where the same species were tested.

Based on speéies mean acute values summarized in Table 3, the Saltwater
Final Acute Value for dieldrin is 0.71 ug/1 as calculated according to the
procedure described in the Guidelines; that for aldrin is 1.3 ug/l,

Chronic Toxicity

Only one chronic study with a freshwater invertebrate species was

found. Adema (1978) exposed the cladoceran, Daphnia magna, to dieldrin in a

life-cycle test; a chronic value of 57 ug/1 was obtained from his results.
This value was not used in determining final chronic values because no acute
toxicity information for D. magna was available in the literature, aad'the
“acute-chronic ratio required by the Guidelines could not be calculated.

Two chronic toxicity tests with freshwater fish species have been con-
ducted with dieldrin. One was an early-life-stage exposure using stee]héad
(rainbow) trout (Chadwick and Shumway, 1969). A chronic value of 0.22 ug/1
was calculated from their data. This was the most sensitive freshwater spe-
cies according to the acute studies (Table 3). Because Chadwick and Shumway
did not provide anm acute value for this species, the species mean acute val-
ue of 2.5 ug/1 is divided by the chronic value of 0.22 ug/1 to give an
acute-chronic ratio of 11 for this species (Table 2). The other chronic ex~

posure was a three-generation study using the guppy (Roelofs, 1971). A
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chronic value of 0.45 ug/l was obtained. The geometric mean of 38 96-hour
Lc50 values (Table 1) using the same source of test water is 4.1 wug/]
(Chadwick and Kiigemagi, 1969); the acute-chronic ratio is 9.1 (Tab]e 2).

No chronic stud1es were found for any freshwater invertebrate species,

other than Daphnia magna prev1ous1y d1scussed Based on measured concentra- -

tions however, Jensen and Gaufin (1966) determined a 30-day LC50 value of

2 ug/1 for the stonefly, Pteronarcys californica, (Table 6) in flowing

water, their typical habitat. This compares to an acute value of 39 ug/1
(Jensen and Gaufin, 1966) from a static test in which concentrations were
not measured. A lower 30-day LC50 value of 0.2 ug/l was also obtained for

another stonefly, Acroneuria pacifica (Table 6). These data indicate that

some chronic values for larval insects may be lower than those determined
for fiskes, which might be expected because the primary use of dieldrin was
as an insecticide.
| The only chronic data found for saltwater species was a 28-day 1ife
cycle study on the mysid shrimp with dieldrin (Table 2). In that study
(U.S. EPA, 1980) the chronic limits were 0.49 and 1.1 ug/l1 based on cumula-
tive mortality. Effects on reproduction (fecundity) were not observed'{n
any of the test concentrations. The geometric mean of these two values,
0.?3 ug/1, becomes the chronic value for mysid shrimp. Dividing this value
into the acute value for this species of 4.5 ug/} gives an acute-chronic
ratio of 6.2 (fable'Z).

The Final Acute-Chronic Ratio for dieldrin of 8.5 is the geometric mean

of the three acute-chronic ratios (Tables 2 and 3). The Freshwater Final

Acute Value for dieldrin of 2.5 ug/1 divided by the Final Acute-Chronic

Ratio of 8.5 results in the Freshwater Final Chronic Value for dieldrin of

0.29 ug/1. The Saltwater Final Acute Value for dieldrin of 0.71 wg




-

-

divided by thg Final Acute-Chronic Ratio of 8.5 results in the Saltwater
Final Chronic Value for dieldrin of 0.084 ug/1. s
Plant Effects

Four toxicity tests have been conducted on dieldrin with three fresh-

water plant species (Table 4). The alga, Scenedesmus quadricaudata, was the

most sensitive species tested with a 22 percent reduction in biomass after
exposure to 100 ug/1 (Stédnyk and Campbell, 19}1). The other species, a
diatom and the water-meal, were affected only at concentrations of 128 times
and 100 times higher than that affecting the alga. Because fish and inver-
tebrate species were affected at concentrations over 100 times lower than
that affecting the alga, the plants should be protected by the ani-
mal-derived criteria. |
Information on the sensitivity of saltwater aauatic plants, including
algae and phytoplankton (fab1e 4), indicates, as was true for freshwater
species, that they are much less sensitive than are saltwater fish and in-
vertebrate species. Productivity and growth rates were reduced at concen-
trations of approximately 950 to 1,000 ug/1 in three 4- to 36-hour static
tests using one algal species and mixed population communities (Batterton,

et al. 1971; Butler, 1963).

Residues

Table 5 contains the results of 1l freshwater residue studies with diel-
drin. No comparable aldrin data were found. The 11 studies include plant,
invertebrate, and fish species. The range of the bioconcentration factors
(BCF) is from 128 for an alga (Reimert, 1972) -to 68,286 for whole body of-
yearling lake trout (Rginert, et al. 1974). All of the authors (except
Reinert, et al. 1974) indicate that a steady-state condition was reached in

their studies.




The analysis of the freshwater residue data can be divided ints two
broad greups, the plant-invertebrate and the fish data. The lower plant-in-
vertebrate 8CF values range from 128 to 5,558. The two values representing
the algal and diatom community accumulations are perhdps the most ecologi-
cally applicable data in this group. The studies were conducted in open
channels under field conditions, whereas the other algal study was 2 short-
"-exposure 1aboretory test. The two BCF values for invertebrate species show
" a cohparative1y Tow bioaccumulation potential. | .

The BCF values for freshwater fish species range from 2,385 to 68,286.
Although all but one of the authors reported that steady-state had been
reached in each of their exposures, fhere seems to be a're1atiohship between
length of exposure and total residue accumulation. For example, guppies ex-
posed for 32 days had a BCF of 12,708, whereas exposure for 160 to 230 days
resuited in a BCF of 28,408. The same re1at1onship may expla1n the high BCF
for the lake trout. The bioconcentration of dieldrin by this species may
become greater since the fish may not have reached steady-state when the
study was terminated. The channel catfish BCF is the lowest. of the values
for fish species (Shannon, 1977a,b). This is probably a result of the ex;
perimenter analyzing dorsal muscle rather than whole fish (with its higher .
1ipid content) as was done by the others.

Biqconcentration factors for dieldrin and saltwater species (Tables 5
and 6) range from 400 to 8,000 for fish or shel1fish (Lane and Livingston,
1970; Epifanio, 1973; Parrish, et al. 1973; Parrish, 1974; Mason and Rowe,
1976). Bioconcentration factors for oysters were higher for longer exposure'
periods because dieldrin concentrations in tissues reached steady-state con-
ditions after extended periods (several weeks) of exeosure (Parrish, 1974;

Mason and Rowe, 1976). Therefore, long exposures are necessary to attain
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steady-state bioconcentration factors. After 54 weeks of exposure to diel-
drin, sailfin mollies exhibited BCF values of 2,867 to 4,867 in muscle;
valuyes for liQer, brain, gill, intest1ne,.and blood ranged from 10,500 to
50,000 (Lane ahd Livingston, 1970). Spot expésed to ;dieldrin for 35 days
depurated the chemical to non-détect;ble body-burdens within 13 days of
holding in dieldrin-free saltwater (Parrish, et al. 1973). Concentrations
in edible tissues were about 15 percent less than'éoncentrafions in whole
-spot; however, concentrations in '1iver were 2 to 13 times that in spot
muscle. .

Dividing a BCF value by the percent lipid value for the same species
] providgs a BCF value based on one percent lipid content: this resultant BCF
value is referred to as the normalized BCF.v The two BCF values for which
percent lipid data are available (1,160 for fréshwater'mussel and 2,300 for
spot) (Table S) were normalized by dividing the BCF values by their corre-
sponding percent lipid values. The geometric mean of the normalized BCF
values was then calculated to be 1,557. The action level established by the
U.S. Food and Drug Administration (FDA) for dieldrin in fish and shellfish
is 0.3 mg/kg. Dividing the FDA action level of 0.3 mg/ig by the geomefric'
mean of normalized BCF values (1,557) and by a percent 1%pid value of 15 for
freshwater species (see Guidelines) gives a freshwaper residue value of
0.013 ug/1. Similarly, dividing the FDA action level of 0.3 mg/kg by the
geometric mean of normalized BCF values (1,557) and by a percent lipid value
of 16 for saltwater species (see Guidelines) gives a saltwater residue value
of 0.012 ug/1. The highest BCF value for the edib1e'portion of a consumed
freshwater species is 2,993 for channel catfish (Shannon, 1977a). Dividing
this value into the FDA action level of 0.3 mg/kg gives a freshwater residue

value of 0.10 ug/1. The highest BCF value for the edible portion of a con-
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cumed saltwater species is the value of 8,000 for Eastern _ojster (Pm-is;\,
1978). Dividing this into the FDA action level of 0.3 mg/kg gives a salt-
water residue value of 0.038 ug/1.

The U.S. FDA has established an action level of 0.3 mg/kg for dieldrin
in fish oil. Dividing this value by the geometric mean of norma]ized BCF
T values (1, 557) and by a percent 1lipid value of 100 for fish oil gives-a res-
idue value of 0 0019 ug/1 for both freshwater and saltwater.

The lowest residue value of those calculated is 0.0019 ugl1. and this
value is then the Freshwater Final Residue Value and Saltwater Final Residue
value (Table 5) The.Fina1 Residue Value may be‘too high pecause, on the
average, the concentration in S0 percent of species similar to those used to

derive the value will exceed the FDA action level.

_ Misce11aneous

The frashwater data presented in Table 6 do not conflict w1th data used
_ to calculate the Freshwater Final Acute and Chronic Value. However, a spe-
cial sensitivity of aquatic insects to dieldrin is reflected in the values

obtained in 30-day exposures of Pteronarcys dorsata and Acroneuria pacifi-

ca. With these insects the LCgq values were 2 and 0.2 wug/1, ie;pective-'

ly. A 24-hour exposufe of the midge, Chironomus tentans, resulted in an

LCsg of 0.9 ug/l. These three values are below the Final Acute Value of
2.5 ug/1, which indicates thaf some aquatic insects may not be protected by
this value.

For sa1fwater species, two pink shrimp studies by Lowe (undated)(Table
6) give acute values for aldrin (0.37 ug/1) and dieldrin (0.28 ug/1) that
are lower than any in Table 1. Parrish, et al. (1973) produced an LCSO.
value of 0.7 ug/l dieldrin for pink shrimp based on measured values in a

flow-through test; this test should take precedence over'that of Lowe, in
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which the test concentrations were not measured. If one can assume that the
relationship between the dieldrin LCgg values for Korean shrimp (flow~
through test) and pink shrimp (i.e., 6.9 to 0.7 ug/1) would hold for the
same two species exposed to aldrin, then one would expect the aldrin LCg
for pink shrimp to be 1/10 that (3.0 ugl1)‘of Korean shrimp, or 0.3 ug/l.
In fact, a 24-hour;EC50 of 0.37 ug/1 has been reported for pink shrimp
(Lowe, undated)(Table 6). Because this test does not meet the crite:ia in
the Guidelines for an acceptable acute test (the duration was 24 hours), it
was not placed in Table 1. Howévér, pink shrimp are commercially valuable
as well as ecologically important, and the Saltwater Final Acute Value may
be too high to protect this important species. '
Summary

Acute values are available for 19 freshwater fish and invertebrate spe-
cies. The data are all from static exposhres in which aldrin and dieldrin
concentrations. were calculated but not measured. The species list repre-
sents all of the major functional and taxonbmic classifications. The most
resistant fish species is the goldfish at 41 ug/1, and the most sensitive is
the rainbow trout at 2.5 ug/1. A similar comparison for the inverteﬁrate

species shows a range from 5 ug/1 for the isopod, Asellué brevicaudus,‘to 39

ug/1 for the stonefly, Pteronarcys californica. The Freshwater Final Acute

Va1ue for dieldrin is 2.5 ug/1; that for aldrin is 3.0 ug/1.
The three fréshwater chronic values for dieldrin are 0.22, 0.45, and 57

ug/1 for the rainbow trout, guppy, and Daphnia magna, respectively. The

acute-chronic ratios for rainbow trout and guppy are 11 and 9.1,
respectively. B
The freshwater residue data for dieldrin show a wide range of Bioconcen-

tration factors. The highest factor was for yearling lake trout which may
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not have reached steady-state at a bioconcentration factor of 68,286. This
factor may underettimate the bioconcentration potential of older, larger
lake trout and thus is a conservative estimate for this species; The Fresh-
‘water Final Residue Value for dieldrin of 0 0019 wug/1 was calculated using
the FDA action level of 0.3 mg/kg for fish 011 a percent 1ipid va1ue of 100
for fish ofl, and the geometric ‘mean of normalized bioconcentration factors
(1,557). The Final Residue Value may be too high because, on the average, .
the concentration in 50 percent of species similar to those used to der1ve
the value will exceed the FDA action. |

The freshwater plant data clear1y jndicate that plants are more resis-
tant than animals. The lowest plant value of 100 wg/l for 10 days would
certainly destroy most animal 1ife in the water.

The acute toxicities of aldrin gﬂd dieldrin to saltwater organisms and
the persistence and bioaccumulation potentia1.for dieldrin have been studied
using sa1twatér plants and animals. Bioaccumulation by saltwater organisms
and/or subsequent transfer to other animals in saltwater food-webs have been
documented in field studies and laboratory experiments. Results from
s96-hour tests indicate that dieldrin is chronically toxic to saltwater
fishes and crabs, although the exact mechanism of toxicity is not known.
The Saltwater Final Acute Value for dieldrin is 0.71 ug/1; that for aldrin
is 1.3 ug/l. |

No chronic study on any saltwater fish species has been reported. One

saltwater test on dieldrin using the mysid shrimp, Mysidopsis bahia, pro-

duced a chronic value of 0.73 ug/1, and the acute-chron1c ratio for the spe-
cies is 6.2. The Saltwater Final Chronic Value for dieldrin is 0.084 ug/1.
Dieldrin bioconcentration factors for saltwater species range'from 400

to 8,000. The Saltwater Final Residue Value of 0.0019 ug/1 was calculated
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using the FDA action level of 0.3 mgl(g for fish oil, a percent 1ipid valug
of 100 for fish oil, and the geometric mean of normalized biocoqcentratioh
factors (1,557). The Final Residue Value may be too high because, on the
average, the concentration in 50 percent of specié; s%mi]ar to those used tg
derive the criteria will exceed the FDA action level.

CRITERIA
_Dieldrin

For dieldrin, the cri;eriqn to protect freshwater aquatic life as
derived using the Guidelines is 0.0019 ug/1 as a 24-hour éverage, and the
concentration should not exceed 2.5 ug/1 at any time.

For dieldrin the criterion to protect saltwater aquatic life as deu
rived using the Guidelines 1s 0.0019 ug/1 as a 24-hour average, and the con-
centration should not exceed 0.71 ug/1 at any time.

Aldrin -

For freshwater aquatic life, the concentration of aldrin should not
exceed 3.0 pg/1 at any time. No data are available concerning the chroﬁié
toxicity of aldrin to sensitive freshwater aquatic life.

For saltwater aquatic life, the concentration of aldrin should not
exceed 1.3 pg/1 at any time. No data are available concerning the chronic

toxicity of aldrin to sensitive saltwater aquatic life.
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Mammalian Toxicology and Human Health Effects

INTRODUCTION

puring the past decade, considerable info;mation has been gen-.
erated concerning the toxicity and potential carcinogenicity of the
two organochlorine pesticides aldrin and dieldrin.' Tbese two pes-
ticides are usually considered ‘together since aldrin is reaéily
expoxzdzzed to dieldrin in the environment. Both are acuﬁély toxic
to most forms of life including arthropods, mollusks, inverte-~
brates, amiphibians, reptiles, fish, birds, and mammals. Dieldrin
is extremely persistent in the enviromment. By means of bioaccum-
mulgtion it is concentrated manyfold as iﬁ moves up the food chain.

Aldrin and dieidrin are manmade compounds belonging to the
group of cyclodiene insecticides. They are a sub-group of the
chlorinated cyclic hydrocarbon insecticides which include DDT, BEHC,
etc. They were manufactured in the United States‘by Shell Chemical
Company until the U.S. EPA prohxbited their manufacture in 1974 (39
FR 37246) under the Federal Insecticide, Fung1cide and Rodent1c1de
Act. They are currently manufactured by Shell Chemical Company in-
Holland. Prior to 1974, both insecticides were available in the
United States in various formulations for broad-spectrum insect
control. They were used for control of soil pests and grass-
hoppers, protgction'of vegetables and fruits, and control of dis-
ease vectors including locusts and termites (Int. Agency Res. Can-~
cer, 1974a,b). 1In 1974, the U.S. EPA restricted the use of al-

drin/dieldrin to termite control by direct soil injection and non-

food seed and plant treatment.




Eaily work by Treon and Cleveland (1955) suggested that aldrin
and dieldrin may have tumor-inducihg potenti?i, esp;cially in the
liver. Since that time, several conflicting reports of the hepato-
carcinogenicity in mice, rats, aﬁa dogs have appeared in litera-
ture. Studies have been carried out méinly by the U.S. Food and
Drug Administration, the National éance: Institute (NCI), and by
the manufactuger. Shell Chémical Company. There has been much
debate over the'type and significance of hepatic damage caused by
aldrin and dieldrin. In order to ascertain the human risks asso-
‘ciated with aldrin and dieldrin, evaluations of the toxic effects
of these pesticides have been carried out on workers in the Shell
Chemical Company. The evaluations include epidemiological studies
in additian to the more routine toxicity studies. However, it is
felt that the number of workers with high exposures was too small
and the time interval too short to determine whether or not aldrin
and dieldrin rep;gsent a cancer threat to humans.

The objective of this report is to examine published studies
so as to utilize the most relevani data to develop a criterion for
human risk assessment. .

EXPOSURE

Exposure to aldrin and dieldrin is fromicontaminated waters,
food products, and air. Because of its persistence, dieldrin has
become widespread in the aquatic environmeht. It is also spread
great distances by wind. since aldrin and dieldrin are used
throughout much of the world beyond the United States, it must be
assumed that imported food stuffs, such as meat products, contain

residues of these pesticides.




Use of aldrin and dieldrin peaked at 19.3 million 1lbs. in
1966, and 3.6 million in 1956, respectively (39 FR 37251). The
subsequent decline in dield:in use was due;tin %art, to increased
resistance of boll weevils to chlorinated insecticides (Table 1).
The use of dieldrin vas preferred to aldrin because it required

less application due to its persistence.

Ingestion from Water

Aldrin and dieldrin have been applied to vast areas of agri-
cultural land and aquatic areas in the United States and in most
parts of the world. These pesticides have the%efore found their
way into most fresh and marine waters. Unlike DDT, aldrin and
dieldrin are somewhat more soluble in water (27 and 186 mg/l, re-
spectively) (Park and Bruce, -1968). Gunther, et al. (1968) report-
ed dieldrin to be slightly more soluble at 250 mg/l.

In early studies (Weaver, et al. 1965), dieldrin was found in
all major river besins (mean concentration 7.5 ng/l) in the United
States and it was found'mere often thaﬁ'any other pesticide. It was
also found in the Mississippi delta (U.S. Dep. Agric., 1966) at
10.0 ng/l while aldrin was found as high as 30 ng/l. Marigold and
Schulze (1969) reported aldrin and dleldrxn at 40 and 70 ng/1,
respectzvely, in streams in the western United States. Leichten-
berg, et al. (1970) found levels of dieldrin and aldrin as high as
114 and 407 ng/l, respectively, in surface waters in the United
States.

More recently, dieldrin has been reported to be present in

many fresh waters in the United States with mean concentrations




TABLE 1

Domestic Sales of Aldrin and Dieldrin

From 1950 Through July 1, 1974"

aldrin Dieldrin

Year (1,000 1bs) (1,000 lbs)
1950 1,456 0
1951 3,288 185
1952 814 750
1953 - 1,234 1,135
1954 2,993 1,777
1955 4,372 2,585
1956 6,495 8,635
1957 2,431 2,673
1958 4,971 3,074
1959 5,566 3,008
1960 8,109 2,650
1961 9,926 2,764.
1962 10,886 2,990
1963 12,152 2,685
1964 12,693 2,052
1965 14,278 1,814
1966 19,327 1,908
1967 18,092 1,478
1968 13,690 1,332
1969 9,902 1,206
1970 8,909 749
1971 11,615 705
1972 11,868 740
1973 (to July 1) 8,721 432
1973 estimated (to Dec. 31) (10,000) (576)
1973 9,800 @  ====--
1974 (to July 1) 9,700 @ ====--

*
Source: 39 FR, 1974




ranginé from 5 to 395 ng/l in surface water and from 1 to 7 mpg/l in
drinking water (Epstein, 1976). |

In 1975 a survey in the United States of aldrin, dieldrin,
DDT, and DDT metabolite levels in raw and drinking water was carc-
ried out (U.S. EéA, 1976). Dieldrin was found in 117 of 715 samples .
- analyzed (Table 2). The six samples in the highest range were all
taken from the same location, three from rae waters and threé from
finished waters. Three of these six saﬁples also contained aldrin
in concentration ef 15 to 18 ng/l. _

Harris, et al. (1977) summarized the distribution of various
chemicals in drinking water in gseveral cities in the United States.
Dieldrin was found in concentrations of 1 ng/l in Seattle, Washxng-
ton, and Cincinnati, Ohio; 2 ng/l in Miami, Florida, and Ottumwa,
Iowa; and as high as 50 ng/l1 in New Orleans, Louisiana.

It has been estimated (MacKay and Wolkoff, 1973) that unlike
many chlorinated hydrorarbons that evaporate rapidly from shallov
waters, dieldrin has by far the longest half-life of these com-
pounds in water 1 meter in depth. They calculated that the half-
1ife for aldrin and dieldrin would be 10.1 days and 723 days, re-
spectzvely, compared to 3.5 days for DDT and 289 days for lindane.
This long half-life in water comb1ned with the potentlal for bio-
concentration by aquatic organisms such as microorganisms, phy to-
plankton, mollusks, and fish further enhances the hazard of these
two pesticides (Wurster, 1971).

ngestlon from Food

Although aldrin is readily converted to dieldrin, dieldrin

itself is stable and persistent in the environment. Because it is
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lipophilic,wdieldrin accumulates in the food chain (Wurster, 1971).
The persistence of aldrin and dieldrin in different 'soils varies
with the type of soil and with movement to other areas by water,
‘wind, etc. (Matsumura and Boush, 1967). Dieldrin has been shown to
be one of the most persistent of all the organochlorine pesticides
(Nash and Woolson, 1967).. o "

It has been estzmated that 99.5 percent of all human beings 1n
the United States have dield:in residues in their tissues (U.S.
EPA, 1971). Although there are other origins of contamination;
these residue levels are mainly due to contamination -of foods of
animal origin (Wurster, 1971). -The levels of aldrin/dieldrin in
several types of food have been summarized by Edwards (1973),
Matsumura (1974), and Manske and Johnson (1975). The overall con-
centration of dieldrin in the diet in the United States has been
calculated to be approximately 43 ng/g of food consumed (Epstein,
l1976). Pable 3 lists the estimated daily dietary intake for aldrin
- .and dieldrin of a late teen-aged male (National Academy of Sciences
(NAS), 1975). '

A bioconcentration féctor (BCF) relates the concentration of a
chemical in aquatic animals to the concentration in the water in
which they live. The steady-state BCFs for a lipid-soluble com-
pound in the tissues of various aquatic animals seem to be propor-
tional to the percent lipid in the tissue.  Thus, the per capita
ingestion of a lipid-soluble chemical can be estimated from the per
capita consumption of fish and shellfish, the weiéhted-average per-

cent lipids of consumed fish and shellfish, and a steady-state BCF

for the chemical.
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Data from a recent survey on f£ish and shellfish consumption in
the United States were analyzed by SRI International (U.s; EPA,
1980). These data were used to estimate that: the per capita con-
suhption of freshwater and estuarine fish and shellfish in the

United States is 6.5 g/day (Stephan, 1980). 1In addition, these

. data were used with data on the fat content of the edible portion of

‘lr

the same species to estimate that the weightéd average percent
lipids fér consumed freshwater and estuariqe fish and shellfish is
3.0 percent. |

Two laboratory studies, in which percent lipids and a steady-
étate BCF were measured, have been conducted on dieldrin. The mean
of the BCF values, after normalization to one percent lipids, is
1,557 (see Table 5 in Section B). An adjustment factor 6f 3 can be
used to adjust the mean norﬁalized BCF to the 3.0 percent lipids
that is the weighted average for conéumed fish and ‘shellfish.
Thus, the weiéhted average bioconcentration factor for dieldrin and
the edible portion of all freshwater and estuarine aquatic orgén-
isms consumed by Americans is calculated to be 4,670.

No useful measured bioconcentration factor can be obtained for
aldrin because it is rapidly converted to dieldrin by aquatic or-
ganisms. 1In addition, because aldrin is converted to dieldrin in
soil, aguatic organisms are rarely exposed to aldrin.

However, the equation "Log BCF = (0.85 Log P) - 0.70" can be -
used (Veith, et al. 1979) to estimate the BCF for aquatic organisms
that contain about 7.6 percent lipids (Veith, 1980) from the

octanol-water partition coefficient (P). Based on a measured

log P value of 3.01 (Hansch and Leo, 1979), the steady-state




biocor;cenération factor for aldrin- is estimated to be 72. An
adjustment factor of 3.0/7.6 =-0.395 can be used to idjhst the es-
timated BCF from the 7.6 percent lipids 3n vhich the equation is
based to the 3.0 percent l1ipids that is the weighted average for
consumed fish .and shellfish. Thus, the weighted average bioconcen-
tration factor for aldrin and the edible‘pqrtion of all freshwater
and estuarine aquatic organisms consumed by Americans is calculated
to be 72 x 0.395 = 28. '

Inhalation

Aldrin and dieldrin enter the air through various mechanisms
such as spraying, wind action, water evaporation, and adhesion to
particulates. Stanley, et al. (1971) reported levels of aldrin and
dieldrin in air samples in nine cities in the United States. One
sample of the air in Iowa City, Iowa had detectable lévelé of al-
drin (8.0 ng/m3), and 50 samples taken in orlando, Florida had de-
tectable amounts of dieldrin, the largest being 29.7 ng/m3. vari-
ous other studie§ of the air carried out during the 1960's Qere‘
summarized by Edwards (1973).

In a study conducted by the U.S. EPA from 1970 to 1972
. (Epstein, 1976), dieldrin was found in more than 85 percent of the
air samples tested. The mean levels ranged from 1 to 2.8 ng/m3.
From these levels, the average daily intake of dieldrin by respira-
tion was caléulatea to be 0.035 to 0.098 nug.

Altﬁough aldrin/dieldrin are no longer used in the United
States, there is still the possibility of air Sorne contamination
from other parts of the world. Edwards (1973) showed that dieldrin

has been transported long distances in the air. Exposure due to
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inhalah;on of_aldtin and dieldrin from-the application of these
pestiéides was, of course, mugh greater before the restriction of
tﬁeir use. DPesticide applicators and individuals living. near agri—
cultural areas were exposed.to aldrin/dieldrin through inhalation.

In a recent report, Domanski, et ai. (1977) reported no in-
crease in dieldrin concentration in adibose tissue‘of cigarette
smokers as compared-to.nonsmokets although'tobacco has high resi-
dues of pesticides and is stored many years before use.
Dermal 4 | |

Dermal exposure to aldrin or dieldrin is iimited to those
involved in manufacturing or application of these pesticides.
Wolfe, et al. (1972) reported that exposure to workers, both manu-
facturers and applicators, was mainly through dermai abso:ption
rather than from inhalation. Due to the ban on manufacturing of
the pesticides in the United States, the ?ossibilities of dermal
exposure havé.been greatly reduced.

- PHARMACORINETICS

Absorption

Heath and Vandekar (1964), using 36C1-dieldrin (4 percent in
araéhis oil) showéd that absorption by the upper part of the gas-
troinestinal trﬁct begins almost immediately after oral administra-
tion in rats and that the absorption varies.With the solvent used.
Barnes and Heath (1964) demonstrated that tbé LDgq varies with the.
dieldrin-to-solvent ratio. Heath and Vandekar (1964) also demon-
strated that absorption is by the portal'vein and not the thoracic

lymph duct. Initially, dieldrin is widespread but within a few

hours it is redistributed in favor of the fat. They also stated




4
that following-oral treatment at 25 mg/kg, 36c1-dieldrin could be
' recovered from the stomach, small intestine, lafge intestine, and .

feces after 1 hour. :

Distribution

It is well known that dieldrin has a low solubility in water
and a high solubility in fat. At 1 and 2 hours after treatment,
Heath and Vandekar (1964) detected the highest concentration of
36C1-dieldrin in fat tissue. ‘They also reported high concentra-
tions in the liver and kidney with moderate concentrations in the
brain at these times. |

Deichmann, et al.(1968) studied the retention of dieldrin in |
blood, liver, and fat. Female Osborne-Mendel rats were fed a diet
containing ‘50 mg/kg dieldrin (87 percent purity). The rats were
killed on various days of feeding up to 183 days. The concentra-
tion of dieldrin in the blood and liver increased for nine days and
then leveled off until the end of the six-month period. The con-

centration of dieldrin in the fat took approxzmately 16 days to
reach a level that was mazntaxned throughout the experiment. The
fat had the highest concentrations of dieldrin followed by the
liver. The mean concentration in the fat was 474 times that in the
blood, while the concentration in the liver was approximately 29
times the blood concentration.

Walker, et al. (1969) studied the distribution of dieldrin in’
rats and-dogs over a two-year period. Dieldrin (99 percent purity)
was incorporated into the diet of CFE male and female rats at

0.1, 1.0, and 10 mg/kg and was fed to dogs in gelatin capsules at

concentrations eguivalent to 0.1 and 1.0 mg/kg of their daily




dietary intake. The authors measured the dieldrin residues in
',whole blood, fat, liver, and brain and found significantly in- -
creased concentrations in all tissues comp&?ed:to those in the con-
~ trols (Table 4).

The concentrations in the‘tissues increased with an increase
in the dietary ccncentzations, and the concentrations in the fehale
rats were conszderably higher than those in the males. The diel-
drin concentratzons reached a plateau by the end of the é6th month
and remained fairly constant for the remaining 18 months. .

In dogs, the blood concentrations increased in both treatment
groups during the £first 12 weeks. With the higher dose (1.0
mg/ké/diet) the concentration leveled off between 18 and 30 weeks
of treatment. However, with the lower dose (0.1 mg/kg/diet) the
plateau was reached between 12 and 18 weeks. In the group receiv-
ing 1.0 mg/kg/diet the dieldrin concentration in the blood in-
creased significan;ly during the final 6 weeks of exbosure. The
dieldrin concentrations in the liver and brain were also dose-
related but, as qpposed to the results from the rats, showed no
significant!sex differences. As in bther studies, the concentra-
tion in the fat was much greater than that in the liver, which in
tdrn, was greater than in the brain.

Addltlonal studies on the distribution of dieldrin were car-
ried out by Roblnson, et al. (1969). 1In this study Carworth rats
were fed dieldrin (99+ percent purity) at 10 mg/kg of ﬁhéir diet
for 8 weeks. At the end of this time, they were retu:néd to a diel-

drin-free diet and killed randomly in pairs up to 12 weeks after

withdrawal of the dieldrin diet. The fatty tissue clearly had the
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highest concentration of dieldrin followed by the llver, brain, and
blood. COncentrations of dieldr;n in fat returned to control lev-~
els after 12 weeks and the decline in dieldrzn concent:atxons was
’approximately exponential in ‘nature.
Matthews, et al. (1971) 1nvestigated the dxstrzbutxon of diel-
.drin and some of its metabolites in several organs and tissues of'
“ both male and female Charles River rats. Thfee animals of each sex
were fasted for eight hours and then given 3 g of Eeod containing
10 mg/kg 14c-dieldrin (96 percent purity); The enimals were killed
after nine days, and dieldrin and metabolic product concentrations
- were determined. 1In gene:al; the amount of radiocactivity per gram
‘:was higher for the female rats. The kidneys and stomechs of the
" males eontaihed more radioactivity than those of the females. Lev-
“els in the lungs and intestines showed similar differences. The
other organs and tissues of the females had three to four times the
radioactivity of the males. 1In the females, storage was predomi-
" nantly as dieldrin, but in males other metabolites, identified as
keto dieldrin, and trans-dihydro-aidrin, and a polar metabolite
were detected in various tissues.
Hayes (1974) determined the concentration of dzeldrin in theA
fat, liver, kidney., brain, muscle, and plasma following a sxngle
- oral dose in rats. Male Sprague-Dawley rats were given 10 mg/kg
* dieldrin (86 percent purity) by stomach tube. The animals were
killed at various intervals up to 240 hours and the dieldrin con-
centration in the tissues was determined. The concentrations in
the brain at 4 and 16 hours were 1.5 and 1.0 ng/g, respectively.

Hayes assigned a value of one to the concentrations in the brain



_and calculatednfhe ratio of the concentrations in othgr tissues to
the concentrations in the brain at 4 and 16 hou:s (fable S). -‘The
concentrations in the tissues remained relatively const;nt for 24
hours and began to decline at 48 hours. No further samples wvere
taken until 240.hours when all the dieldrin concentrations were
below 0.2 ung/g except the concentration in the fat which was
5 ng/g.

In a study done in 1963 on 30 individuals from three different
_ states, the concentzations of chlorinated hydrocarbon pesticides in
body fat were determined (Dale and Quinby, 1963). Twenty-eight
individuals were from the general population while one had previous
DDT exposure and one had aldrin exposure. The mean (isz) for the
general population was 0.15 * 0.02 pg/g dieldrin, while that for
the aldrin-exposed individual was 0.36 ng/g dieldrin (see discus-
sion on aldrin metabolism to dieldrin in the Metabolism section of
this report).

In a study of aldrin and dieldrin concentrations in 71 workers
involved in pesticide manufacturing, Hayes and Curley (1968) mea-
sured the plasma, fat, and urine concentrations by gas-liquid
chroﬁatog:aphy. "Their £indings were in accordance with the earlier
animal studies. The fat contained the highest concentration of the‘
pesticides followed by the urine and plasma.’ The mean concentra-
tions of dieldrin in the fat, urine, and piasma of the pesticide
workers were 5.67 + 1.11, 0.0242 * 0.0063, and 0.0185 * 0.0019
ug/g, respectively. These weré significantly different from those

reported for the general population. The authors reported a high

correlation between total hours or intensity of exposure and
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conceqtratioﬂ of dieldrin. However, noAcorrelation coruld be found
petween dieldrin concentrations and amount of sick leave.

Another study (Hunter, .et al. 1969) invblving adult males
ingesting 10, 50, or 211 aug dieldrin per day‘ for 18 or- 24 months,'
again found a relationship between the dose and the length of expo-
sure and copcentraticn of dieldrin in the fat and blood. 1In gen<
et;l, the concentration_of dieldrin in the samples increased during
the first 18 months and either leveled-off or rose slightly during
the reméining time. The conirol and 10 ug groups, both of which
were given 21l pg/day for the €inal 6 months, demonstrated a rise
in concentrations'similar to the rise demonstrated by those who
were given 211 pg/day initially. The authors stated that there was
no effect on the general health of the individuals receiving the
dieldrin for the two-year test.

In the previously-mentioned studies, blood concentrations of
aldrin or dieldrin were determined using whole blood (Deichmann, et
al. 1968; Robinson, et al. 1969; Hunter, et al. 1969; Walker, et
al. 1969), or plasma (Bayes and Curley, 1968). Mick, et al. (1971)
measured the aldrin and dieldrin concentrations in erythrocytes,
plasma, and the alpha- and peta-lipoprotein fractions of the blood
of six aldrin workers after the workers had formulated 2 million
pounds of aldrin over a five-week period. The six workers were
exposed to aldrin by both inhalation and dermal contact. The blood
samples were collected at the conclusion of the five-week exposure
and blood plasma concentrations as high as 312 ng/l were measured.
No immediate health problems were reported during this time. In

all cases, dieldrin concentrations were higher than the aldrin
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concentrations due to the epoxidation of aldrin to dizldrin. The
dieldrin . residue in the plasma aVétaged approximately four times
.higher than that in the erythrocytes. As the gieldiih residuewin
the blcocod increased, the amount in the plasmﬁ be;ame ptopS:tionally
higher. 1In addition, the beta-lipoprotein fraction usually con-
tained more dieldrin than the alpha fraction. '

The work of Mick, et al. (1971) was confirmed in part by
_Skalsky and Guthrie (1978). Us;ng labelled pesticides of §8 per-
cent purity incubated with various fractions of hﬁman blood in
giggg Skalsky and Guthrie (1978) vere able to demonstrate that
dieldrin and DDT bind to albumin and beta-lipoprotein.

. Metabolism

Aldriq and its epoxidation product, dieldrin, are bo;@ cyclo-
pentﬁdiene insecticides. sSince epoxidation of aldrin to dieldrin
was first reported by Radomski and Davidow (1953), there have been
many reports in the literature of the ability of various organisms
.(i.e., soil microorganisms, plants, fish, and animals,»including
:man) to epoxidize this type of double bond. Winteringham and
Barnes (1955) first reported this reaction with aldrin in mice.
Wong and Terriere (1965) were able to demonstrate the in vitro con-
version of aldrin to its epoxide, dieldrin, using microsomes® from
male and female rats. The reaction‘was NADPH-dependent and the
enzymes wefe heat-labile. Winteringham and Barnes (1955) also
. showed that males converted aldrin to dieldrin at a higher rate.
Novothgr metabolic products were detected, although the authors
lln this document microsomes refers to the cell-free homogenized

liver (including soluble enzymes and microsomes) and not to puri-
fied microsomes.
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noted that polar products could have been overiooked by %Zhe methods‘
1used. Nakatsugawa, et al. (1965) confirmed the work of Wong and
Terriere (1965) using microsomes from male rats and tabbxts. They
also demonstrated a requirement for NADPH and stated that dieldrin
was not further metabolized by the microsomes. They reported that
lung homogenate was only one-tenth as active as liver in.epoxidase
activity and that no activity was detected in ihe kidney, spleen,

pancreas, heart, or brain. |

Rorte (1963) identified one of the metabolic products of al-
drin as aldrin diol in studies with rabbits. Heath and Vandekar
(1964) reported the 'existence -of a somewhat polar metabolite which
{s excreted in the feces; They stated that the feces are the main
route of excretion and that little dieldrin is excreted unchanged.
They were able to detect other polar metabolites in poth urine and
feces. ‘

Ludwig, et al. (1964) administered 14C--aldrin to male rats at
4.3 pg/day for three months. The compounds excreted into the urine
consisted of aldrin, dieldrin, and unidentified hydrophilic meta-
bolic products. These unidentified products made up 75 percent of
the dose excreted in the feces and 95 persent excreted in the
urine. Two different products were found in the feces and two in
the urine. Two of these four products appeared to be jdentical by
paper and thin-layer chromatography.

Rorte and Arent (1965) jsolated six urinary metabolites from
rabbits treated orally with l4n_gjeldrin for 21 weeks. The major
metabolite (86 percent) was one of the two enantlomorphic isomers

of 6,7-trans-dihydroxy-dihydro-aldrin.
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Rich;rdson,'et al. 11968) were able.to identify two megabo-
.lites in ﬁ:ine aﬁd feces from male CF rats fed a diet.ébntaining 100
mg/kg dieldrin for seven montﬁs. Metabolites:were isolated fréh
the urine and feces collected during the last month. They deter-
mined that the urinary metabolite had a keﬁo group on the number 12
carbon and the epﬁxide was unchanged. The fecﬁl metabolite was a
mono-hydroxyderivative of dieldrin at either the 4a or 4'position.
‘A similar study was carried out (Matthews and Matsumura, 1969) in
wvhich male rats were fed a diet of 20 mg/kg éurified dieldrin for
one month, with the dosage increased to 100 mg/kg fof 18 days while
the urine and feces were collected. Two metabolites were isolated
from the feces and two f:om the urine. The major fecal metabolite
was similar to the mono-hydroxy-derivative isolated by Richardson,
et al. (1968) in the feces. The major urinary metabolite was iden-
tical to the ketone compound identified by Richardson, et al.
(1968) in the urine.‘ The minor urinary and fecal metabolites were
.identical 'énd simi;ar to the 6,7-trans-dihydroxy-dihydro-aldrih
described by Korte and Arent (1965).
Matthews and Matsumura (1969) also conducted in vitro experi-

14C-dieldrin incubated with rat liver microsomes and

ments using
' various co-factors. Thin-layer chromatography of the water-soluble
components  isolated six metabolites in addition to the unchanged
dieldrin. Analysis of the water-soluble me;ébolites revealed a
‘ glucu;onide conjugate which accounted for approximately 45 percent
of the radiocactivity. Comparison of the Rp values for the iﬁ vivo

and in vitro studies showed that the minor urinary/fecal‘métabolite

(i.e., the 6,7-trans-dihydroxy-dihydro-aldrin) was produced in
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vitro and that the metabolite freed from the glucuronic acid was

- also present in the in vitro system in the unconjugated form.

The products identified by Richardson, et al. (1968) and
Matthews and Matsumura (1969) represent an axidized form of diel-
drin in the u:ine‘and feces and a hydroxylated dechlorination meta-
bolite which had lost the intact dieldrin ring system.

Hedde, et al. (1970) were able to isolate six metabolic pro-
' ducts in the urine of sheep dosed with 14Cndieldrin. Three cas-
trated sheep were given unlabeled dieldrin orally at 2 mg/kg/day
. for five days befoge dosing with l‘C-dzeldrin. Four other sheep
were fed a single oral dose of labeled dieldrin at 20 mg/kg/day.
Urine and feces were collected up to six days after treatment with
the labeled dieldrin. Although other determinations were made,
only the urine was analyzed quantitatively. After hexane gxtrac-
tion at pH 1 followed by other clean-up procedures, thg four
hexane-soluble metabolites were separated on Sephadex LH-20 gel.
The LH-20 was again used to separate the two water soluble metabol-
jtes after they were purified by several procedures, including
paper chromatography. The authors postulated that these water-
soluble metabolites were a glucuronic acid conjugate of the trans-.
diol and an unidentified conjugate of glucuronic acid and, possi-
bly, glycine.

Feil, et al. (1970) were able to identify two of the hexane-
soluble metabolites found by Hedde, et al. (1970) in sheep urine.
One was the 6,7-trans-dihydroxy-dihydro-aldrin described by
Richardson, et al (1968) and the other was the 9-moﬁo-hydroxy~

derivative. Further work on the metabolism of dieldrin (Matthews,




et al. (1971) is discussed in the Distribution . _section of this re-

port vhere details of treatment are giveq. Matthewsg:et al. docm:
mentéd the production of several metabolitesg og dieldrin including
the 6,7-$:ans-d1hydtoxy~dihydro-aldtin and a second.unidentified
polar metabolite excreted in ﬁhe feces. The mono-hydroxylated com-
poundv represehthd the greatest percentage of ﬁhe radiocactivity

.extracted from the feces of both male and femaig rats. In.male

: rats, the chloroform extract of the urine consisted of the keto-

metabolite described by Klein, et al. (1968). Also, initially,
trans-dihydroxy—dihydro-al@rin was found in the uriﬁe of the male
rats along with uncinanged dieldrin. Most of - the radioactivity

. extracted from the urine of the female rats was in the form of the

* trans-dihydroxy-dihydro-aldrin, and ini;ia;ly contained up to 20
percent dieldrin. '

‘ The metabolism and exéretion of dieldrin appears to be more
rapid in male than in female rats. Investigators attribute this to
the males' ability to produce the more éolar metabolites, especial-

- 1y the kéto-product which is excreted into the urine.

A recent paper has appeared on the comparative metabqlism of
dieldrin in rodents. Baldwin, et al. (1972) treated a male CFE rat

with 3 mg/kg of 14

C-labelled dieldrin and two male CFl mice with 10
mg/kg. The urine and feces wefe collected for the.féllowing seven
.or eight days. The authors reported that the CFE rat excreteé the
pentachloroketone derivative in the urine but ﬁhat the CFl mice did
not. Conversely, the mice produced an unidentified urinary metabo-

lite which the rat did not. The 6,7-trans-dihydroxy-dihydro-aldrin
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wvas found in the feces of the mice and the rat, and a dicarboxylic
derivative was found in the urine of all three anima;s.

A review of the literatﬁre on the metabolism of dieldrin and
endrin in rodents has been compiled by Bedford and Hutson (1976).
They summarized the four known metabolic products of dieldrin as
the 6,7-traﬁs-dihyd:oxy-dihydro-aldzin (trans-diol) and the tri-
cyclic dicarboxylic acié-(both'of which .are products of the trans=
formation of the epoxy group), the syn-lz-hyd:oxyndieldrin (a mono-
hydro-derivative), and the pentachloroketone.

In comparing Qieldrin metabolism in acute or short-term stud-
ies versus chéonic, low-dose exposure, it must be mentioned that
organochlorine compounds, including dieldrin, have been shown to
induce the mixed function oxidases (MFO) found in the liver (Kohli,
et al. 1977). 1t is therefore possible, in the long-term animal
studies, that investigators have been observing the results of high
levels of these enzymes and that the percentages and amounts of
certain metabolites may be misleading. Baldwin, et al. (1972) in a
1imited study, were able to show some inducibility in the CFE male
rat but not in the CFl male mouse. They induced the enzymes by
prefeeding the animals for 21 days with low doses (i.e., 10 or 25
mg/kg in diet) of dieldrin. 1If the results of the KRohli, et al.
study are to be accepted, then one may assume that since man is sub-
ject to chronic, low-dose exposure to many-MFo inducers (including
various organochlorine pesticidés), this exposure may affect stud-

jies of dieldrin.metabolism.
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Excretion , | ' s

2: mentioned in the Distribution and Metabolism sections of
this report, aléfin and/or digldrin are excreted~m$ih1y in the
fecesvand to some extent in the urine in the form bf several metabo-
lites that are more polar than the parent compounds. USﬁally, a
plateau is reached in most tissues when the dose is held relatively
constant. However, if the_dosage'inc:eases, the boéy concentra-
’ Eions-will increase and vice versa. 0
| The.early work of Ludwig, et al. (1964) demonstrated that male
Wistar rats adminisfered daily low doses of 14cflabeled aldrin (4.3
ug for 12 veeks) excreted approximately nine times as much of the
radioactivity in the feces as in the urine. After about two weeks
gf treatment, the rats were excreting 80 percent of the daily dose
of aldrin and this increased to 100 percent after eight weeks.
Twenty-four houfs after the final dose (12 weeks), the animals had
excreted 88 percent of the total radioactivity fed. This increased
to 98 percent after six weeks and greater than 99 percent after 12
weeks. It appears that after eight weeks of feeding aldrin, a
;aturation level was attained which did not increase with continued’
feeding at the same concentration. The concentrationé in the body
decreased rapidly once the feeding was terminated.

In a study with rabbits administered 14C-dieldriﬂ'orally over
a 2l-week period (total dose 56 to 58 mg/kg)v, Korte and Arent
(iSGS) reported somewhat conflicting results. . At the end of the
feeding (22nd week) 42 percent of the total radiocactivity had been

excreted with two to three times as much in the urine as in the
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feces. The level in the feces was negligible éfterlzi weeks while
the amount in the urine was ub to 43 percent at 52 geeks.

1t must be kept in mind that aldrin is metaboliéed ﬁo dieldrin
which is then converted to more polar metabolites for'excretion.v
1t is possible that the increased amount of radiocactivity noted by
Xorte and Arent (1965) in the feces after t;eatment.with aldrin
could be due to the.less polar aldrin or dieldrin as éompated to the
more polar metabolites excreted in the urine or to a basic differ-
ence in metabolism of dieldrin in the rabbit. |

The work of Robinson, et al. (1969) on the metabolism of diel-
drin has been sumﬁarizeq in the Metabolism section of this report.
These investigators also studied the loss of dieldrin (99+ percent
purity) from the liver, blood, brain, and adipose tissue of male
CFE rats fed 10 mg/kg in their diet for eight weeks. Figure 1 il-
lustrates the loss of dieldrin from these tissues. puring the per~
jod of observation, approximately 99 pe:ceﬁt of the dieldrin was
excreted at various rates from the tissues. . However, it must be
noted that the analysis was'performed by gas-liguid chromatography -
and that later investigators (Métthews, et al. 1971) have found
1iver can contain approximately 30 percent of products other than
dieldrin, a fact which may have been overlooked by Robinson, et al.
(1969). The fat and brain contained greater‘than 99 percent of the
dieldrin and the excretion times correspond to those for the rat
observed by Korte and Arent (1965) in their work six years earlier;

It can be seen from Figure 1 that three of the four slopes for
dieldrin loss were not linear and that with the blood and liver,

loss was rapid at girst and then slowed down. Estimates for the
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half-life of dieldrin in the liver and blood“wére 1.3 8ays for the
_ period of rapid elimination and 10.2 days for the slower period.
The estimated half-life for dieldrin was 10.3 days in the adipose
tissue and 3.0 days in the brain. :

In the study of 14C-§ieldrin metabolism in sheeb (Hedde, et
al. 1970) mentioned in the Meéabolisﬁ section of this report, the
excretion of dieldrin or its metabolites was higher in the feces
than in the urine. This ratio varied congiderable due partially to
the different doses used. The authors noted that‘in two very fat
gsheep the ratio of jabelled dieldrin in feces to urine was greater
than 10 to 1 but in two thin sheep receiving the same dose, it was
slightly greater than 1 to 1. The amount of radioactivity that was
exhaled as 14CO2 was only 0.25 percent of the total dose. This
jndicates that virtually none of the dieldrin is broken down to
€O, Wwith the sheep. less than 50 percent of the total radioactiv-
ity was recovered after the five or six days of collectionQ

several investigators have shown that removal of dieldrin from
the diet results in rapid loss of dieldrin or metabolites froﬁ the
body., especially the adipose tissue. par-on and Walton (1971) fur-~
ther studied the. loss of dieldrin from the pody of the rat and also
looked at the role of dieldrin ip the diet with respect to loss from
the adipose tissue. for this study, male Osborne-Mendel rats were
fed a diet containing 25 mg/kg dieldrin (99+ percent purity) for 8
weeks. They wvere then placed on a normal diet and given four daily.
oral doses of l4c_gieldrin equivalent to 25 mg/kg in their diet.
After these four days, one-half of the animals Qere tbén returned

to the dieldrin diet (25 mg/kg) while the rest remained on the
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normal diet. Groups of five animals were sacrificed on the four
-days when they received the lapeled-diéldrin and on dijs 7, 9, 11,
lG,Tand 23 after the conclusion of the eiéht-&eek féeding. The,
concentration of dieldrin found in the adipoSe tissue from the rats
receiving the dieldrin diet was approximately 50 ug/g and remained
at this level tﬁréughout thé 23 days following the feeding peribd.
'The concentrations in the rats on the normal diet decreased to 4
ug/g at day 23. The authors reported that the half-life of diel-
drin in the adiposé tissue was about 4.5 days, which is somewhat
lower than the 10;3 déys calculated by Robinson, et al. (1969) Qith
-rats fed only 10 mg/kg dieldrin.

Cole, et al. (1970) measured the appearance of 14Cfdieldrin
and 14C-endrin in the urine and feces of male Holtzman rats for
seven days after a single intravenous dose of 0.25 mg(?g of either
chemical. They reported that greater than 90 percent of the radio-
activity occured in the feces. Approximately 80 percent of the
total dose of labeled dieldrin was excreted in the'fgces after the
seven days, compared with Qpproximately 100 percent for the endrin.
Cole, et‘al. (1970) conducted a similar experiment during a four-
day period using bile-fistula rats. They also reported that these |
raés-produced a time course of excretion similar to those observed
in the first experiment; greater than 90 percent of the excreted
radiocactivity was found in the bile.

In a cbmparison of the excrgtion of dieldrin in the CFl mouse
and CFE rat, Baldwin, et al. (1972) found that after seven or eight
days the .amount of labelled dieldrin excreted was similar in both

species. Also, the feces contained approximately two times as much

radioactivity as thé urine, and 50 to 70 percent of the total
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activity vas excreted during the collection period. As mentioned

in the Metabolism section of this report, the proportion of metabo-
1ites varied between the mouse and the rat.

aAlthough there has been extensive work done on the metabolism

and excretion of dieldrin: in animals, there is understandably less

known about the fate of dieldtin in humans. ' Barly work by Cueto and
Hayes (1962) demonstrated that dieldrin and some of its metabolites
could be detected in the urine of occupationally_exposed workers.
A later report by Cueto and Biros (1967) compared the levels of.
dieldrin and othet chlorinated insecticides in the urine of 5 men
and 5 women in the general population to that of 14 men with differ-
ent degrees of occupational exposure. The concentrations of‘dieln
drin found in the urine of men and women in the genetal.population
were 0.8 %+ 0.2 mg/1, and 1. 3 £ 0.1 mg/1, respectively. The concen-
trations fcund ‘in male workers with low, medium, and high degrees
of exposure vere 5.3 mg/1 (S5). 13.8 mg/1 (4). and 51.4 mg/l (5).
respectively (numbers in parentheses represent the number of indi-
viduals per sample). The degrees of exposure were only expressed
as relative and no data on the exposures wvere given.

Hayes and Curley (1968) measured the plasma, fat, and urine
concentration of various chlorinated pesticides in workers with
occupational exposure to these chemicals. In 14 urine samples, al-
drin was present at jess than 0.2 mng/1 and dieldrin was present at
1.3 to 66.0 mg/1. This is compared to the'mean for dieldrin in tﬁe
general population of 0.8 to.2 mg/l'determined in the same labor-

atory by Cueto and Biros (1967).
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A study by Hunter, et al. (1969) concluded that dieldrin ‘had a
relatively. long half-life in humans. This compares with a half-
life of less than ten days tepo:ted in animal studies.' In the
Hunter, et al. study, 12 human volunteers ingested various doses of
dield:in for up to 24 months. The blocod and adipose concentrations
we:e determined over this time and the blood levels vere followed
for eight add1tional months after termination of the treatment.
The authors reported that during this period concent:ations of
dieldrin in the blood of three of the volunteers did not change
significantly. (These concentrations were not given). In the
other nine subjects, the half- life of dieldrin in the blood ranged
from 141 to 592 days with a mean of 369 days. These estimates vere
made on a limited number of samples. | '

' Jegex (1970) reported that DeJonge, in ah unpublished report,
Studied the half-life of dieldrin in the blood of 15 aldrin/diel-
dgin workers who were transferred to other areas. Prior to trans-
fer, these workers had had high exposures to the pesticides and -
concentrations of aldrin/dieldrin in their blood had reached equi-
librium. Measu:ements of the dieldrin blood concentrations were
taken every six months for three Years following the transfer. The
mean half-life was 0.73 years (approx. 266 days). This is somewvhat
in agreement with the estimates of Hunter, et al. (1969) of 369
days based on-limited data.

‘ It has been reported by these and other autﬁors (Robinson, et
al. 1969; Walker, et al. 1969) that there is a direct relationship

between the concentration of dieldrin in the blood' and that in
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adipose and other tissues. 1t seems likely that the half-life in

the blood may reflect the overall half-life in other tissues.
'EFFECTS

Acute, subacute, and Chronic Toxicigz

The acute toxicity of aldtin and dieldxin has been extensively

summar ized by Bodge, et al. (1967) and Jager (1970). in many

cases, aldrin and dieldrin are ‘considered similar due to the t;pid

conversion of aldrin to dieldrin (see Metabolism gection). Diel-
drin, in turn, is metabolized to a variety of more polar products.

In some cases, the toxicity of the metabolites has been compared to

the parent compound but. this information is rather sparse (soto and

peichmann, 1967).

After ingestion: aldrin and dieldrin are rapidly absorbed from
the gastro-intestinal tract. Following absorption, the pesficides
are transported from the liver to different sites in the body.
They have been found at various jevels in the brain, blood (1nclu&-

ing erythrocytes), liver, and especially the adipose tissue (Mick,

et al. 1971; Walker, et al. 1969) In addition, dieldrin has been .

gshown to Cross the placenta to the fetus (Hathaway. et al. 1967).
Hunter, et al. (1969) demonstrated that a relationship petween in-
" take and storage exists and that a plateau is maintained in the
tissues unless the dose changes considerably.

It was shown early that the pest1cxde-to-solvent ratio affects
the LDgq (Barnes and Heath, 1964) and that some variation is caused
by the solvent employed (Heath and vVandekar, 1964). There is a

pronounced variation in toxic1ty relatpd to route of administra-

tion. Toxicity is highest by the intravenous route, followed by
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oral, then dermal. This is most likely due to the high blood and
~ central ‘nervous system concentrations produced ftop intravenous
injection. Oral and dermal toxicity is lower due to lower blood .
concentrations brought about by resorption and storage in adipose
tissue. For most species the acute oral toxic dose is between 20
~and 70 mg/kg. This includes the rat, mouse, dog, monkey, sheep,
' and man (Hodge, et al. 1967). ;

With both aldrin and diéldrin, toxicity in animals appears to
be related to ﬁhe central nefvous system. According to Hodge:

...a characteristic pattern has been described of stimu-

lation, hyperexcitability, hyperactivity, incoordina-

tion, and exaggerated body movement, ultimately leading

to convulsion, depression, and death.

There apparently is a direct correlation between blood concen-
trations and clinical signs of intoxication. Keane, et al. (1969)
reported thaé in dogs fed daily doses of dieldrin, the first signs
of muscle spasms occurred at 0.38 to 0.50 ug/ml blood and convul-
sions at 0.74 to 0.84 ng/ml. |

The symptoms of intoxication in man are similar to those found
in mice, rats, and dogs. Jager (1970) described the symptoms fe-v
sulting from oral oi dermal exposure that occur from 20 minutes to
24 hours as: |

...headache, dizziness, nausea, general malaise, vomit-

ing, followed later by muscle twitching, myoclonic jerks

and even convulsions. Death may result from anoxemia.
Changes in the electroencephalogram (EEG) usually _result. after
insecticide intoxication and generally return to normal after dis-

continuance of exposure (Hoogendam, et al. 1962). The transitory
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change in the EBG has been challanged by several investigators (see

Burchfiel, et al. (1976) tor reccnt summary). Work ca::ied out in
Rhesus monkeys (Burchfiel, Qt al. 1976) using technical g:ade diel-
arin (4 ng/kg, i.v. one time or 1 mg/kg i.m. admlnistcrod once a

. vock for 10 vcoks) demoristrated that dieldrin can alter the EEG for

up to 1 year.

The acute jethal dose of aldrin in man wvas reported by Jager
© (1970) and Hayes (1971) based on the summary of ‘Hodge, et al.
(1967) to be 5 g or 70 mg/kg., respectively. However, Hodge, et al.
. only speculated on possible human toxic effects from a l-year teed-
ing study 15 monkeys. It is known that persons have recovered from
acute oral doses of 26 mg/kg aldrin and 44 mg/kg dieldrin so that
the acute lethal human dose might be somewh;t higher (Bayes, 1971).

The subacute Of chroqic toxicity of low doses of aldrin and
dieldrin to mice, rats, dogs and, to some extent, monkeys, has been
reported in many of the cnrcinogenicity studies included herein.
The resulting effects include shortened life span, {ncreased liver-
to-body weight ratio, various changes in liver histology, and in-
duction of hepatic enzymes. Another effect that has been observed
is teratogenicity (Ottolenghi, et al. 1974).

Some information .is available concerning the subacute oOr
chronic exposure of humans to aldrin and dieldrin. pased on infor-
mation gained from monitoring workers at the Shell Chemical Com-
pany, Jager (1970) reported that 33.2 ug/kg/day can be tolerated by
vorkers for up to 15 years. Above this level some individuals may
show signs of intoxication, although others can tolerate two times

this level. In another study involving 12 volunteers who ingested
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dieldrin £°: up to two years, 3.1 ug/kg/day was tolerated and pro-
duced no increase in plasma alkaline phosphatase activity (Hunter,
et al. 1969).
. Synergism and/or Antagonism

Since.aldrin and dieldrin are metabolized by way of the mixed
function oxidases (MFO), it must be assumed that - any inducer Ot'
inhibitor of these enzymes will affect the metabolism of aldrin or
i.dieldrin. Dieldrin and other organochlorine pesticides have been
teported to induce the MFO (Rohli, et al. 1977). Baldwin, et al.
(1972) zeported that prefeeding low doses of - dieldrin to rats
altered the metabolic products produced after acute dosing. Sev-
eral reports have appeared on the combzned effect of aldrin or
dieldrin on the storage of DDT in tissues (Street, 1964; Street and
Blau, 1966; Deichmann, et al. 1969). ’

In the Deichmann, et al. (19695 study when aldrin was given
along with DDT or after a plateau had been reached in the blood and
fat by chronic DDT feeding. The retention of DDT by the blood and
 fat increased considerably in the animals given both chemicals a#
compared to the.animals only given DDT. .The authors suggest that
this increase in tissue DDT concentrations is due to a reduced rate
Af excretion of DDT. (

Walker, et al. (1972) fed groups of mice 50 or 100 mg/kg/diet
; DDT or a mixture of 5 mg/kg/diet dieldrin and 50 mg/kg/diet DDT for
) 112 weeks. The highest incidence of tumors w&s in the dieldrin/DDT”
group, although it is difficult to determine whether the effect
between dieldrin and DDT was additive or synergistic.

Cl;tk and Krieger (1976) studied the metabolism and tis-

sue accumulation of 14C-labeled aldrin (99.3 percent purity) in
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combination with an inhibitor of oxidative biotransformation (i.e.,
SKP 525-A). ‘They reported that p:etreatment of‘malé Swiss-Webster
mice with either 50 or 100 mg/kg SKF 525-A significantly increased:
the accumulation of ;adioactivity in the blood, brain, kidney, and
liver. The SRF 525-A blocked the.epoxidation of aldrin to diel-
d:;n. However, the authors did not feel that differences in meta-
bolite formation OI excretion alone‘couid account for the increased
accumulation in the tissues. ‘

Teratogenicity | . ‘

In 1967; Bathaway, et al. éstablishéd that 14C-dieldrip could
cross the placenta in rabbits. gliason and Posner (1971a,b) demon-
strated that l4c-dieldrin'crossed the placenta in the rat and that
the concentration in the maternal plasma increased as'gestation
progressed. Deichmann (1972) reported that 25 mg/kg/diet aldrin
and dieldrin fed to mice for six generations markedly affected such
parameters as fertility., gestation, viability,.lactation, and sur-
vival of the foung, while mice fed lower doses showed fewer or no
effects.

In a study by ottolenghi, et al. (1974) pregnant golden haﬁ-
sters and pregnant CD-1 mice were given single oral doses of puri-
fied aldrin, dieldrin, or endrin at one-half the LDgg, (hamsters 50,
30, 5 mg/kg, and mice 25, 15, 2.5 mg/kg, respectively). The ham-
sters wvere treated orally on day seven, eight, or nine of gestation
and the‘mice on day nine. All three pesticides caused a signifi-
cant increase in fetal death in hamsters treated on days seben and

eight. Only dieldrin gave gignificant results on day nine. Ham-

sters treated on day eight also had the highest number of anomalies




, iy %
{i.e., open eye, webbed foot, cleft palate, and others). These |
increased anomaiies were noted for all three pesticides. The three ..
pesticides also reduced the fétal weight in the ‘hamsters treated on

the three different days. No signif1cant difference was. c:l:»ser:veda“:‘?;I

in the weight or survival of fetuses of treated and control mice;
-however, a teratogenic effect was observed in mice for all three
tpesticides. - It was less pronounced in the mice than in the haﬁ%ﬁﬁi
“sters. The author reasoned that the reduced teratogenic effect in )
mice may be due to the lower doses used in the mice. .

Two later stuqies on the teratogenicity of dieldrin have
reached different conclusions. The studies of Chernoff, et al.
:(1975) and Dix, et al. (1977) both concluded that dieldrin was notl

', teratogenic. Chernoff, et al. tested dieldrin (87 percent purity)
rand the photo-product, photodieldrin (95 percent pur;ty) in CD-1
.mice and CD rats orally at doses lowef than those used by Otto-
lenghi, et al. (1974). The actual doses of dieldrin based on 87
~percent purity were 1.3, 2.6, and 5.2 mg/kg/day over a ten-day per-
iod (i.e., days 7 to 16 of gestation). The compounds were dis-
solved in peanut oil. The control animals also received peanut
oil. The highest doses of dieldrin produced 41 percent mortality
in rats. 1In mice the highest doses induced significant increases
‘in liver-to-body weight ratios, reduced the weight gain, and pro-

~duced some fetal toxicity. Photodieldrin at 0.6 mg/kg/day for 10

-days also induced a significant increase in the liver-to-body

weight ratio in rats but caused no fetal toxicity. However, no
teratogenic effects were observed in the mice or rats at any of the

.doges employed.
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pix, et al. (19779 examined the use of two solvents (corn oil‘
aod dimethylsulfoxide (DMSO)) with various doses of-dieldrin +4in CFl
mice. The corn oil groups received 1.5 or 4.0:mg/kg/day of 99 pe:-:
cent pure dieldrin orally with suitable controls of corn 0il or no
treatment. The DMSO groups :cceived 0.25, 0.5, or 1.0 mg/kg/day

with similar controls. Both so;vent groups were tieatcd on days 6

through 14 of gestatzon. In the corn oil group,” young ‘(7-week) 7"

virgin animals were gsed and the pregnancy rate vas very low. Wwith
the few animals that survived to term, the only.s;gnificant effect
was delayed 0551f1catzon in fetuses cf the mice administered the 4
mg level. The DMSO experiments were conducted with older animals
(ten weeks) of proven fertllzty. Fetuses of these animals demonw'
strated a significant increase in incidences of delayed ossifica-
tion and extra ribs. Bowever, the pMSO controls also had a high
incidence of these t+wo anomalies. The authors attributed this to
the toxic effect of this solvent. DMSO also produced a reduction
in maternal and fetal body weights whereas the corn oil did not. No
differences were observed in the .mean litter size, number of re-

sorptions, or fetal death with either solvent.

Mutagenicitg

Relatively little work has been done on the mutagenicity of
aldrin or dieldrin. Of the- -1imited data available, most are con-
cerned with the mutagenicity of dieldrin. This may be sufficient,’
since aldrin is readily converted to dieldrin in poth in vivo and
in yitro systems. Fahrig (1973) summarized the microbial studies
carried out up to 1973 om aldrin, dieldrin, and other organochlor-

ine pesticides including DDT and the metabolites of DDT. Aldrin
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and dleldrin gave negative results with gene conversion in Sa-
: ccharomﬁcos cerevisae, back-mutation in Serratia marcescens, for-
ward mutation (Gal R%) in Eschericia gg;i and forward putaﬁioﬁ to "
streptomycin resistance 1n‘§..gg;i{'.1t.ls important to note that -
DDT and several of its metabolites also gav§ negative :gsults in
thcie microbial tests and that no mention of any type of ;cgivation
. . system (i.e., mammalian live:.enzymés)uwas made in this summary.

Bidwell, et il. (1975).reported in an abstract that dieldrin
vas not found ﬁc be mutagenic in five strains of Salmonella typh-
imurium with or without the addition of a liver activation system,
‘although the authois did not give dose levels. They also stated
that dieldrin was neg#tive in.the host-mediated assay, blood and
urine analysis, micronucleus test, metaphase analysis, dominant
lethal test, and heritable translocation test. The doses used vere
0.08, 0.8, and 8.0 mg/kg in corn oil with corn oil used as the con-
trol and triethylene melamine (0.5 mg/kg five times) serving as the
positive mutagenic control. The pesticide was given orally on a
subacute basis.

Dean, et al. (1975) evaluated dieldrin (99+ percent purity) in
twvo dominant lethal assays in CFl mice, for chromosomal damage in
male and female Chinese hamsters and in.the host-mediated assay

with §gccharomyceé*cesuvisiae in CFl male mice.

Two dominant lethal assays vere cqrriedlbut, one with a single .
oral dose of 12.5 or 25 mg/kg and the other with a single oral dose
of 12.5, 25 or S0 mg/kg. The treatment groups consisted of 8 males
and the DMSO solvent control groups of 16 males. 1In both experi-

ments, each male was caged with three females for 7 days. This was
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repeated for 8 weeks in the first study and for 5 weeks in the sec-‘

ond. Also, in the first experiment 8 mice received‘eyclophosphaf

mide at 100 mg/kg orally as a pesitive control. ; In all cases, diel-

_drin vas dissolved in DMSO and the contzol annmals wete gzven DMSO.

demonstrated signs of intoxication. One of the cyclophosphamide-

- treated males died 7 days after treatment. Neither dieldrin nor

cyclophosphamide produced significant changes in the pregnancy rate

.0f the female mice. However, when overall means of the total fetal

implants per p:egnancy vere examined, the 12.5 mg/kg and the cyclo-

phosphamide-treated groups vere significantly lower than the con-

trols (P 0.05 and P 0.001, respectively) in the first experiment.
Conversely, the overall means for the 25 mg/kg group in the second
exper iment was significantly higher ‘than the control .group
(p 0.05).

In the cytogenetic-studies using Chinese hamsters, four males
and four females were administered either DMSO, or dieldrin dis-
solved in DMSO at 30 or 60 mg/kg orally. Two animals of each sex
were killed at 8 and 24 hours after treatment and slides were pre-
pared from the femurs. . One hundred cells were analyzed from the
bone marrow of each animal. While there is some problem determin-
ing the actual number of animals employed and the number of cells
exeminedz; there appears to be no significant differences in gaps

or polyploidy between treated or control hamsters. 1t should be

e

'rTheifemeles were killed and examined 13 days efter the mxd-week of -

mseing.caged with the males. All of the d1eldrin-treated males

2The authors state in the results that 4,800 cells were analyzed

from 48 animals. However, from the methods section it appears that
only 24 animals were used in this study.
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noted that it appears that only two males and two females vere exam-
ined at each tzme/dose point and this is a very small sample size .
when trying to determine small increases as the 9utho:s are doing.

Another part of this_study looked at mitotic gene conversion

in Saccharomyces cerevisiae D4 at the.ade2 and trpg loci in-a host-

mediated assay u51ng male, CFl mice. The experiments were~divided

into three single dose and three multlple dose (5) protocols.. in

ithe single dose treatments, mlce.recelved either DMSO, or dieldrin
dissolved in DMSO, orally at 25 or 50 mg/kg orally. The multiple

treatments consisted of DMSQ'or 5 or 10 mg/kg dieldrin orally for §

days. There were two. mice per treatment group and the yeast were

injected i.p. either immediately after the sinéle treatment or the

'final multiple treatment. Ethyl methénefsulfonate (EMS) was given

orally at 400 mg/kg as a single dose. ‘A sﬁall proportion of the

animals receiving dieldrin at 10 mg/kg for 5 days diq not survive

’_but this is not reflected in the results given. The table summa-

trizing the results of the host-mediated assay states that two mice‘
véer group were usedlbut the number for the three gxperiments ié

obviously lessvthan six if all the mice did not survive. Of those

that did survive, 6nly the EMS treatmeﬁt groups had significant
increases in adenine and tryptophan convertants.

' ' Three reports on the mutagenicity‘of aldrin or dieldrin have
mrecently been published. The first examined the mutagenicity of
dieldrin and several other pesticides with four strains of S.

typhimurium (i.e., TAl535, TAlS36, TA1537, and TAlS38) with the

addition of a rat liver activating 'system (Marshall, et-al. 1976).
The second, an in-depth study of nearly 200 pesticides, utilized

several microbial indicators and, in some cases, the addition of an

C-41




) : . P .
activating system (Shirasu, et al. 1977). The third study dealt
 primarily vwith strains of S. typhimurium (TALS35, TAl0O, and TA98)
plus a mouse liver activating’ system (Majumdar, et al. 1977).

. In, thc.naxshall, et al. (1976) study, dieldtin was tested at -

it

only ono concant:ation, 1, 000 Ng per plateﬂ with and without the
addition of .phenobarbital ‘induced rat liver homogenate. ' In alih""‘:‘
four strains tested, no- increase in mutagenicity was observed at
this concentration.

Shirasu, et al. (1977) assayed aldrin with metabolic activa-
tion using E. coli B/r WP2 ery-her’ and WP try-hcr™ and §. typhim-
urium strains TA1535, TAL537, TA98, and TAL00. Dieldrin vas as-
sayed without metabolic activation using the E. gg;i}WPZ“hcr*, WP2
her~ and S. typhimurium TA1535, TALS36, TA1537, and- TAl538.
According to the authors, both aldrin and dieldrin were considered
nonmutagenic in these tests.

Wade, et al. (1979) have evaluated dieldrin using S. typhi-
murium strain TAl100 and TA98 both with and without a rat liver
activating system. Théi: assay was in the form of a spot test at
50 and 1,000 ng per plate. At these two levels, dieldrin failed to
produce any mutagenic response. |

Majumdar, et al. (1977), on the other hand, have reported that
dieldrin was somewhat mutagenic for S. typhimurium strains TA1533,
TA100, and TA98 without metabolic activﬁtion and that it was
strongly mutagenic for all three strains when liver enzymes from

Aroclor—12543-induced mice were added to the mixtures.

33:0:10:-1254 is a mixture of PCBs, which induce the MFO in liver
(Ames, et al. 1975).
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In -summarizing the limjited microbial mutageniqity studies on
aldrin and diéldzin, it must be mentioned that'thé;only refer- -
ence to any mutagenicity in .the Majumdar étudigs contains several
-notable inconsistencies. The inconsistencies are: (1) the cul-

- . .tures used were grown for 24 hours rather than the recommended 1§
.xhou:s; (2) the plates were incubated. for 72 hou;s rather than the

s conventional 48 hours; ang (3) the control values for TAl535S and

. TA98 were not consistent with those recommended by.Ahes et al.

(1975).

It is not~poss§ble to say that these inconsiétencies could_
~account for the positive mutagenic findings but they should be
;s taken into consideration in view of the fact that seve?al other
«Similar, although not identical, studies reported no mutagenic
- findings with dieldrin. It should be kept in mind that mice appar-
‘ently metabolize dieldrin differently than do rats (see the Metabo-
: lism section of this report). It is possible that thg use of the
.mouse liver eénzymes by Majumdar, et al. (1977) ﬁay be producing a

mutagenic metabolite not seen in other studies.

Studies on'the_mutagenic effects of dieldrin in organiSms
other than microorganisms- were also somewhat varied. Scholes
(1955) reported that dieldrin had no effect on onion root mitosis.

However, Markaryan (1966) observed an increase in the cytoggnic
-effects of dieldrin in mouse bone marrow nuclei and Bunch and Low

(1973) reported chromosomal aberrations in semi-domestic mallard
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Recently, Majumdar, et al. (1976) studied (1) the effect of
dieldrin on chromosomes in mouse bone marrow in vivo and in cul-
tured human Wwl-38 lung cells, and (2) thé aytopathic.effect of
dieldrin on the cultured human Wwi-38 cells. They reported a de-
crease in the mitotic index in both the in yivo mouse bone marrow
and ig.giggg human lung cells with the increasing concentration of
dieldrin used. In each test, an increase in chromosome aberrations
was observed with the jowest doses employed (1 mg/kg in mouse bone
marrow and 1 pg/ml in human cell cultures). The authors also re-
ported a dose- and time-éependent cytotoxic effect on the WI-38
human lung cells.

In addition,uahmed, et al. (19772) measured unscheduled DﬁA
synthesis (ups) in sv-40 cransformed-va-4 human fibroblasts in
vitro with and without an. uninduced rat liver actiyating system
using aldrin, gieldrin, DDT, and other pesticides. Both aldrin and
dieldrin produced 2 significant increase in yDs either with or
without the activating system at all the doses used. '

Another study by this groupP (Ahmed, et al. 1977b) demonstrated
that dieldrin induced ouabain tesistonce in Chinese hamsters V79
cells when tested at a concentration of 0.01 M. Wwith a cell sur-
vival of 77.8 percent, they obtained a mutation grequency ©of 16.4
mutants per 106 survivors as compared to 1.8 per 106 for the con-
trols.

Carcinogehicitz_

puring the 1960's and the early part of the 1970's, numercus
studies on the carcinogenicity of aldrin and dieldrin appeared in

literature. These reports include studies on mice, rats, dogs. and
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monkeys. Of these species, mice appear to be the most susceptible
to aldrin/dielérin. Various.strains of both sexes'ﬁave been exam--
ined at different dose levels. The effecté range from benign liver
* tumors to hepatocarcinomas with transplantation confirmation.
* to pulmonary metastases. The data on carcinogenicity have been
" evaluated and discussed extensively, mainly bf Epétéin (1975a,p,
1976).

Six major studies using various strains of mice have been car-
ried out mainly by long-term feeding at low doses (i.e., 0.1 to 20
mg/kg in the diet). The earligst of these studies éas conducted by
the U.S. Food and Drug Administration (FDA) (Davis and Fitzhugh,
¢ 1962). Using C3HeB/Fe (C3H) mice, both males and females were fed
* either aldrin or dieldrin at 10 mg/kg in the diet for two years.
Both aldrin and dieldrin shortened the average life span by two
months. The experimental and control group death rate was high,
'\possibly due to ove:crowding. Significantly more hepatomas were
observed in the treated groups than in the controls for both sexes.
In addition, the number of mice with tumors may have been Qnder-
estimated due to the high mortality which left fewer animals for
evaluation. |

In an FDA follow-up study, Davis (1965) examined 100 males and
females of the C,H mice treated with aldrin or dieldrin at the same
concentrations as the first study. Again,.éurvival was reduced
- compared to the control group and there was an increase in benign
hyperplasia and benign hepatomas. a re-evaluation of the histolog-

ical material of both of these studies was carried out by Rueber in

1973 (Epstein, 1975a,b, 1976). He concluded that the hepatomas
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were malignant and that both aldrin and dieldrin wvere hepatocar-
‘cinogenic for male and female C.H mice.

In a 1964 abstract, song and Harville reported some xndicatxon
of hepatoca:cinogenicity in C4H and CBA mice with aldrin (15 mg/kg)
and dieldrin (15 mg/kg) although minimal data are given. Epstein
(1975a,b, 1976) reviewéd an unpublished study of MacDonald, et al.
on technical grade-diéld:in,in swiss-Webster mice. The authors
concluded that dieldrin was nqncarcinogenic but that .there was some
questions as to the tfpe of lesions.

i Wwalker, et al. .(1972) conducted a multi-part siudy of dieldrin
in CFl1 mice of both sexes. in this study, the dieldrin used was 99+
percent pure and 4- amxno-z 3-dimethylazobenzene (ADAB) was used as
the positive control. 1In the first part of the study, diets were
prepared containing O, 0.1, 1.0, and 10 mg/kg dleldrin although
0.01 mg/kg dieldrin was found in the control (0 mg/kg) diet along
with low concentrations of other pesticides. The treatment groups
were made up of 600, 250, 250, and 400 mice, respect1vely, and con-
tained equal numbers of males and females. The ADAB group, which
contained 50 mice =~ egqually divided as to sex, received 600
mg/kg/diet for six months. Initially, the animals were housed five
to a cage, but after the sixth week they were placed in individual
cages. The positive controls were maintained separately from the
other groups. After nine months, the mice ;éceiving 10 mg/kg in
the diet dieldrin demonstrated palpable intra-abdominal masses, and
by the fifteenth month, half the males and females in the group had
died or had been killed when the masses became large. This period

of 15 months is short compared to the 20 to 24 months that elapsed
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before. one-half of the control group had died. The life spans of
members of the 0. l mg/kg and 1.0 mg/kg groups were szm1lar to those
of the controls. All the ADAB mice were dead by the 15th month.

An increased number of ‘liver tumors was observed at all the
concentrations of dieldrin including 0.1 mg/kg, with the highest
increase occurring'in'the 10 mg/kg group. The tumors were classi-
fied by the authors as type (a) "...s0lid cords of closely packed
parenchymal cells with a morphology and staznxng affznlty little
different from the rest of the parenchyma,"” or (b) "...areas of
. cells proliferating ln confluent sheets and often with foczvof
necrosis. These lesxons were d1st1ngu1shed from the previous types(
of growth by the presence of areas of papilliform and adenoid for-
mations of liver cells with wide and irregular vascular channels
within the growth." This classxflcatlon appears somewhat arbi-
trary. Nonetheless, the presence of tumors was dose-related and
effects were detected at the lowest dieldrin level tested (0.1
mg/kg). 1In addztxon to the increase in hepatic tumors there was an
increase in the incidence of tumors at other sites.

In the second part of the Walker, et al (1972) study, groups
of 30 male and 30 female. CFl mice received ethylene oxide- ~steri-
lized dlets containing 1.25, 2.5, 5, 10, or 20 mg/kg dieldrin for
128 weeks. The control group consisted of 78 males and 78 females
and the conditions and observations were similar to those in the
- first experiment. In this part of the StUdY{ the mice that re-.
ceived 20 mg/kg dieldrin in the diet had a high mortality rate.
‘About 25 percent of the males and 50 percent of the females showed

signs of intoxication and died during the first 3 months. Liver

C-47




4

- masses were detected at 36 weeks, and all the mice either died or
were kilied at 12 months. Masses were not gdetected until 40 wveeks
in the 10 mg/kg mice, 75 weeks in the 5 mg/kg mice, and 100 weeks in '
the 2.5 mg/kg mice. In the 10 and 20 mg/kg groups, few animals were
available for examination due to the acute toxicity or their being
used in another study. The 5 mg/kg group had a higher incidence of
tumors than the 2.5 mg/kg group. '

The third part of the study was carried out under similar con=
ditions. Groups of 60 mice received gamma-f:tadiated diets con-
taining 0 or 10 mg/kg/diet dieldrin for 120 weeks. ‘Also, groups of
48 mice receiveé gamma-irradlated diets and 1itter for 110 weeks Or .
unsterilized diets and litter for 104 weeks. The authors stated
that liver enlargement occurrence and mortality were 51milar to
those of the previous study.

The next section of the Walké:, et al. (1972) study concerned
the combined effect of dieldrin and DDT treatment on CFl mice.
Initially., the mice-were fed diets containing 200 mg/kg pDDT or
10:200 mg/kKg dieldrin:DDT. This resulted in high mortality. The
diets were subsgquently reduced to 50 and 100 mg/kg ppT and 5:50
mg/kg dieldrin:DDT. There were 47 males and 47 females in the con-
trol group and 32 males and 32 females in each of the treatment
groups. In mice on the 5.50 mg/kg diet and 100 mg/kg ppT diet,
1iver enlargements were detected after 65 wegks of exposure. Both
of these doses were toxic to males put only the 5:50 mg/kg dose was
toxic to females. at 50 mg/kg DDT, masses were detected by the 96th

week but the mortality was similar to that of the controls. In this

exper iment, the highest incidence of 1iver tumors Wwas in the




- #

dieldrin:DDT group. However, because only one combination Qas
tested, it is difficult to determine whether the effect was syner;
gistic or additive. 1In A re-evaluation of the: experiment, Reuber
(see Epstein, 1975a,b, 1976), believes that Walker, et al. (1972)
over-eétimated the incidence of liver tumors in the control and DDT
' 'g:oups, thus minimizing the effect of the combined dieldrin/DDT.

' .In the last section of the‘Walker,‘et al. (1972) study, groups
of 58 mice were fed dieldrin at 10 mg/kg for 2, 4, 8, 16, 32, and 64
veeks and sacrificed after 2 years. The control group consisted of
156 mice. All groups were equally divided betweeh.males and fe-
males. In the mice receiving dieldrin for 64 weeks, liver enlarge-
‘ments were detected after 60 weeks in six males and two females.
- These enlargements remained after the termination of the feeding.
No other enlargements were detected and the mortality of all the
.g:oups was similar throughout the 2 years. It is important to note
that type b tumors were detected after only 4 or 8 weeks of treat-
ment and that the liver enlargements did not appear after the feed-
'ing was. terminated. .

A similar study of dieidrin and other chemicals in CFl mice
was carried out by the sﬁme group (Thorpe and Walker, 1973). The
ﬁteatment groups were comprised of 30 males and 30 females and the
controls of 45 mice of each sex. Dieldrin was tested at one concen-
" tration (10 mg/kg/diet) only, and the animals.were not sacrificed
when abdominal masses were large as in the prévious studies. The
study was terminated after 100 weeks of feeding. The authors re-
ported that there were no signs of intoxication in~the dieldrin

‘groups; however, mortality increased after 22 months of exposure.




Also liver enlargements were detected in both'sexes‘%y the 50th
. week. In this study, the cumulative tumor incidencé and the number
of dead mice were given at 17, 21, 25, and 26 ?onths.. Dieldrin at -
10 mg/kg produced a high incidence of liver tumors. All the males
and one-half the females that had died by 17 months had liver tu-
mors. By the end of the study, 100 percent of the males and 87
percent of the females had liver tumors. '

In a recent evaluation of both aldrin and dieldrin by the Na-
tional Cancer Institute, aldrin and dieldrin wvere found to produce
hepatic carcinomas in male mice. -Female' mice responded to low
doses of dieldrin, but showed no effects from aldzin.. No carcino-
mas were observed in either male or female rats of two different
species (43 FR 2450) when the éubjects were exposed to both aldrin
and dieldrin. In the study on mice, groups of 50 male and 50 female
BEC3FL mice were fed either aldrin (technical grade) or dieldrin
(technical grade) at various doses. The females received aldrin at |
3 and 6 mg/kg/diet and the males received aldrin at 4 and 8 mg/kg.
Both sexes were given dieldrin at 2.5 and 5 mg/g. Aldrin controls
consisted of 20 untreated males and 10 females and dieldrxn con-
trols had 20 animals per group. In addition, pooled controls con-
si;tgd of 92 males and 78 females. The animals we:e)fed the pesti¥
cide diets for 80 weeks and then observed for 10 to 13 weeks. all
survivors were killed at 90 to 93 weeks.

In the male mice administered aldrin, tﬁere was a significant,‘
dose-related increase in the incidence of hepatic carcinomas. The‘

values were: matched controls 3/20 (15 percent); pooled controls

17/92 (19 percent); 4 mg/kg 16/49 (33 percent); and 8 mg/kg 25/45




: ‘ #
(56 percent). The mean body weights of the aldrin- and dieldrin-

fed mice were similar in the control and treated groups. -There was
.a dose-related mortality in femﬁle mice at the high dose of aldrin.
With the male mice fed dieldrin, a significant increasé in hepatic-
carcinomas was observed in the S mg/kg group. The iﬁcidences wvere
12/50 (24 percent) for the 2.5 mg/kg group and 16/45 (36 percent)
for.the 5 mg/kg group.

There have also been six carcinogenicity studies of aldrin
and/or dieldrin done in various strains of rats. 1In an early baper
by Treon and Cleveland (1955) aldrin and dieldrin were fed to male
and female Carworth rats atVZ;S, 12.5, and 25 mg/kg. The authors
reported a significant increase in mortality and an increase in
liver-to-body weight ratios at all concentrations tested. 'No data
on tumor incidences were given, although some liver lesions were
detected. Later Cleveland (1966) summarized the work on aldrin and
dieldrin conducted at the Kettering Laboratory. Although little
data and details were given, Cleveland stated that aldrin and diel-
drin were not tumorigenic in their rat studies.

A'study was carried out by the'U.S.vFood and Drug Administra-
tion on aldrin and dieldrin in rats and ddgs (Fitzhugh, et al.
1964) to determine the toxiéity of these pestiqides, Groups 6f 12
maie and 12 female Osborne-Mendel rats were fed diets containing
either aldrin (99+ pércent purity) or dieldrin'(loohéercent purity)
at 0, 0.5,.2, 10, 50, 100, or 150 mg/kg for th years. The animals
were housed individu&lly and the survivors were killed after two
years. None of the dose levels of aldrin or dieldrin Afﬁected the

growth of the rats but both chemicals at 50 mg/kg or greater
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reduced the survival. A significant increase in liver-to-body

weight ‘ratios was observed in both males and females for several
doses of both chemicals. The authors reported no increase in liver
tumors; however, there was a high incidence of multiple site tumors
at lower concentrations of both aldrin and dieldrin.

peichmann, et al. (1967) carried out a study. in which 5 mg/kg
aldrin (technical grade) was fed to male and female Osborne-Mendel
rats, either indiv1dually or in combination with 200 mg/kg aramite,
200 mg/kg DDT; and 1,000 mg/kg methoxychlor. There were 30 males
and 30 females in each treatment group and they were housed in
‘pairs. No increaee in mortality over the controls was observed_im
any of the treated greups. Aldrin alone had no significant effect
on liver-to-body weight ratio, but an increase in the ratio was
noted in the groups treated with the pesticide mixtures. The
authors state that one-half (13 females and 2 males) of the aldrin-
treated rats had one tumor; however, only the tumors in survivors
were listed.

Walker, et.al. (1969) fed dieldrin (99+ percent purity) to
Carvorth rats at concentrations of 0, 0.1, 1.0, and 10 mg/kg in the
diet for two years. There were 25 males and 25 females in each
treatment group and 45 rats of each sex in the control group. The
animals were housed individually and dying animals were killed and
examined. The authors reported that some irritability, tremors,
and convulsions occurred after two to three months but that the
animals remained in good health for the two years. None of the
dieldrin doses had any effect on body weight. Mortality was the

same for the control and treated groups; however, all the groups
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had an bverall, high rate of mottality. This resulted in only a few
. animals being available for examination at the conclusion of the
feeding. At 1 and 10 mg/kg'ﬁhere were increases in.livét-to-b&dy |
weight ratios. Only one male rat and four female rats at the 10
. mg/kg level demonstrated any liver cell changes. However, at the
?30.1 and 1.0 mg/ké levels there wvere high but not'gignificant in-
* creases in total tumors even though few animals were examined his-
tologically.

In another study with the Osborne-Mendel rat, Deichmann, et
.al. (1970) examined aldrin, dieldrin, and endrin in a lifetime
exposure. Aldrin (technical, 95 percent) and dieldrin (technical4,
- 100 percent active ingredients) were fed in the diét to groups. of
50 males and 50 females. The concentrations during the first two
weeks were 10, 15, and 25 ﬁg/kg aldrin and 10, 15, and 25 mg/kg
dieldrin. After this time all the dose concentrations were doubled
" for the remainder of the treatment time. The cpntrol groups con-
tained 100 rats of each sex. Any animals that appeared ill wé}e.
' sacrificed. Both aldrin and dieldrin produced some dose-related
toxicity, tremors, and clonic convulsions, especially in females.
However, these doses had no effect on mean gain in body weight .
althngh some animals had marked loss of weight. The mean survival
rate was somewhat lower in the aldrin and dieldrin rats; again,
" predominantly in femaies teceiving the high concentrations. There
were significant increases in 1liver-to-body weight ratios in

males fed aldrin at 30 and 50 mg/kg and dieldrin at 30 mg/kg and a

dpnis is somewhat contradictory since "technical® dieldrin is

actually 85 percent pure.
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significant decrease in liver-to-body weight ratios in females fed
aldrin at 20 mg/kg. A moderate increase in hepatic centrilobulaf
clouay swelling and necrosis was observed in bath male and female
rats fed aldrin and dieldrin as compared to the controls. However,
there was no increase in the number of liver tumors or other site
tumors. In facé,'a decrease in total tumors was observed in both
the males and females fed aldrin and dieldrin. The authors stated
that this was possibly due to increased microsomal enzyme activity.
Tt should be noted that 1imited re-evaluation of this data was car-
ried out by Reuber who disagreed with the findings of Deichmann, et
al. (1970). However, he re-evaluated only one group (dieldrin, 30
mg/kg) and there has been no independent re-evaluation of the
material.

A two-year study by the National Cancer Institute (1976)(43 FR
2450) studied the effects of technical grade aldrin and dieldrin on
Osborne-Mendel and Fisher 344 rats. The first part of the study
used groups of 50 OSbo;ne-Mendel rats of each sex for aldrin (30 or
60 mg/kg) and dieldrin (29 or 65 mg/kg). Aldrin was fed to the
males for 74 weeks. The rats were then observed for an additional
37 to 38 weeks. All survxvors were killed at 111 to 113 weeks. The
éame doses of aldrin were administered to the female rats for 80
weeks, followed Dby 32 to 33 weeks of observation. All survivors
were killed at 11l to 113 weeks. The dieldrin rats were treated for
59 weeks at 65 mg/kg followed by 51 to 52 weeks of observation, or
80 weeks at 29 mg/kg followed by 30 to 31 weeks of observation. All

survivors were killed at 110 to 1lll weeks. For both pesticides,

the controls consisted of 10 untreated rats of each sex plus pooled
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eontrols consisting the matched control groups combined with S8

untreated males and 60 untreated femaies from similar bioassays of

other,chemicals.

During the first year of the rat studies, the' mean body

~weights for the aldrin- and dieldrin-fed rats did not differ from

those of the controls. However, during the second ygin, the body
weights of the treated rats were lower than those of the untreated.
For both aldrin and.dieldrin,'no significant increase in hepatic
carcinomas was observed in either sex. There was a significant
increase in adrenal cortical adenoma in the low;dosé aldrin- and
dieldrin-treated female r#ts;

In the second part of the study on rats, 24 male and 24 female
Fisher 344 rats were fed purified dieldrin at 2, 10, or 50 mg/kg of
diet for 104 to 105 weeks. Matched Eontrols consisted of 24 rats of
each sex. All survivors were killed at 104 to 105 weeks. The body
weights of the treated and control rats were similar and survival
was not greatly affected. The high-dose males and females demon-
strated signs of intoxification at 76 and 80 weeks, respectively.
A variety of neoplasms occurred in both the control and' treéted
rats; however, there were no significant dose-related increases in
the neoﬁlasms.

To date, there has been only one carcinogenicity study report-

. ed on either aldrin or dieldrin in hamsters. Cabral, et al. (1979)

carried out lifetime feeding studies in‘Syriah-golden hamsters with
dieldrin (99 perceﬁt purity). Groups of nearly equal size (i.e.,
32-41 per group) of male and female hamsters were fed a diet con-

taining 0, 20, 60 or 80 mg/kg for up to 120 Qeeks at which time the
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remaining survivors were killed. While there was no decrease in

survival at 50 weeks, the numbers of females remaining at 70 weeks

was one-half or less than the males. At 90 weeks the survival rate .

was about 10 percent for all groups except the males of the 180
mg/kg level which had 32 percent survivors. Both males and females
at the low and high doses demonst:ated a marked retardat1on of
growth. The authors state that there was no significant difference
between the percentage of control animals with tumors and the
treated animals with tumors. However, in the treated groups, more -
animals had more than one tumor than in the control gtoups. Al-
though there was an increase in the number of animals with adrenal
tumors, especially males, again this was not statistically signifi-
cant. In ;he animals receivihg the high dose of dieldrin, there
was one male and one female which had hepatomas. It was also noted
by these authors that there was a dose-related - increase in the
incidence of hepatic cell hypertrophy in the dieldrin-treated ham-
sters.

There has been minimal work on the carcznogenxczty of aldrin
or dieldrin in dogs. A limited, short-term 'study was conducted by
Treon and Cleveland (1955). Aldrin and dieldrin vere fed to two
male and two female beagles at 1 and 3 mg/kg/diet. The dogs were
killed between 15 and 16 months. Although the growth rates of the
treated dogs were similar to those of the controls, liver weights
were increased at 1 mg/kg. These deses were toxic toﬁthe dogs and
mortality was high. The study provides few data on the necropsy
and the treatment was too short to adequately evaluate carcinogen-

icity.
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In -another study using dogs, Fitzhugh, et al. (1964) treated

26 ‘animals with aldrin or dieldrin at dosages of;,o.z to 1.0
mg/ké/day, 6 days a week, up to 25 months. At; doses of 9.5 mg/kg
and greater, toxic effects including weight loss, convulsions, and
_death were observed. At 1l mg/kg/daylo: higher‘novanimals survived
over 49 days, and at 2.5 and 10 mg/kg/day all dogs died within 10
veeks. However, do§s fed 0.2 mé/kg7day of aldrin or dieldrin
showed no ill-effecté during the. 2 years of the study. In the dogs
fed aldrin at 1.0 mg/kg/day or diéldrin at 0.5 mg/kg/day, fatty
degeneration was observed in the liver and kidneyé. This study
also was too short-termed to-ﬁetermine tumorigenic properties of
aldrin and dieldrin. The number of animals surviving at the end of
the study was 1nadequatebto make any type of evaluation. -

A third short-termed study on dieldrin in dogs was carried out
by Wwalker, ei al. (1969). Dieldrin (99+ percent purity) was admin-
istered to groups of five male and five female dogs in gelatine
capsules at 0.005 and 0.05 mg/kg/day. After two years, the health
and body weight of ihe treated dogs, as compared to the controls,
was normal. A variety of physiologicél tests confirmed the general
good health of the dogs. In dogs administered the higher concen-
 tration of dieldrin, liver-to-body weight ratios were increased
significantly over the controls. The report stated that no lesions
were seen in the tissﬁes but provided no data on this.

There -has been one report on the effects of dieldrin on Rheéus
monkeys. The unpublished work of Zavon and Stemmer (1975), from
fhg Kettering Laboratory, reportskoh a séudy in which six con-

trol monkeys (five male, one female) and groups of five monkeys




received 0, 0.01, 0.1; 5.5, 1.0 or 1.75 mg/kg diefﬁrin in theif
diet for 5.5 to 6 years. The group at 1.75 mg/kg reqeived 5.0 mg/kg
for four months, then 2.5 mgy/kg for appzoxiqately~2.5“months;‘and
then 1.75 mg/kg for the remainder of the exposure. Additionally}
one monkey in this group had its dieldrin intake progressivgly‘ini
creased to the 5 mg/kg concentration. The authors state that this
animal and three otheré died duriné the study. These animals had
received 5.0, 1.0 or 0.1 mg/kg dieldrin in their diets. The re-
maining animais survived until they were killed.

Fat biopsies were taken on selected animals at various inter~
- vals. Dieldfin blood levels and other parameters were determined
throughout the study; .

The authors concluded that there were no significant hepatié
changes other than alterations in cytochrome P-450 levels. They
also stated that there was no indication of dieldrin-associated
malignancies although admittedly this was not considered a cancert
study. It was also the opinion of the guthois that the premature
deaths were not }elated to the ingestion of dieldrin.

Versteeg and Jager (1973) summarized health studies carrieé
out on pesticide workers in the Shell plant in Holland. These
workers had occupational exposure to aldrin/dieldrin over petiods
of up to 12.3 years with a mean of 6.6 years. The average time that
had elapsed from the end of exposure was 7.4 years (maximum, 16
years). The average age of the group wa$'47.4 years. The repoit
states that 233 long-term workers were involved in this study and
that no permanent adverse effects (including cancer) on the work-

ers' health were observed.
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Recently, Van Raalte (1977) published a follow-up on presum-
. ably the sanme Q}oup of workers reported oﬁ by Versteeg and Jager
(1973). This study listed ﬁhe various physivlogical parametérs
'which were examined in workers with more than four years of expo-
" sure. These workers were examined in éerms of two categories, one
* having workers wiéh more than four years exposure and more than 15
" years of observation (a total of 166 men) and the other with more
“.than ten years exposure and more than 15 years of observation f69
men). While this is the same number of subjects in both studies
.done at the same plant, Versteeg and Jager listed Qldrin/dield:in
and other pesticide exposures while Van Raalte ofly mentioned diel-
drin. This study appears to be a continuation of the previously
- reported work with an additional number of years of exposure and
. observation. The author st#tes that again there were no persisting
" medical problems in the workers and no increase in cancer.. Van
kaalte also goes on to point out that several other of the human
carcinogens have been detected in limited populations after rela-
tively short times. He éuggests that the lack of early adverse
health signs'and the lack of an increase in-"cancer at this time
strengthens the assumption that dieldrin is not a human carcinogeﬁ.

vﬁﬁile it is most likely correct to assume that these workers

are probably the most highly exposed group available for study, the

' total number is agafn rather small and the Qﬁservation times are
still less than 20 years.

Epstein (1975a) states that the epidemiological aspects of the

study carried out by Shell have been reviewed by seééral experts

who have criticized the study as inadequate due to the number of
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vorkers at risk and the short duration of exposure and/or time

after exposure.
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CRITERION FORMULATION

Existing Guidelines and Standards

‘Etiot to 1974, aldrin and dieldrin were¥approved for use on 46
agricultural crops and for t:éatment of soil around fruits, gréins,
-nuts, and vegetables (Int. Aéency Res. Cancer, 1974a,b). 1In 1974
. ithe registration of aldrin and dieldrin was suspended on the basis
of adverse health affects in rodents (39 ‘FR 37251). As a result,
production is restricted for all pesticide products containing al-
drin or dieldrin. Aldtin and dieldrin can no longer be used for
spraying and dusting, or for mothproofing in which the residues are
discharged into wéterﬁays. All uses in structures occupied by hu-
mans or livestock, uses upon turf, and any use involving applica-
“tion to any aquatic environment are also restricted. Aldrin and
dieldrin can be used for tefmite treatment which involves direct
application to the soil and therefore little movement of the pesti-
cides. They may also be used for treatment of some nonfood seeds
and plant dipping during transplantation.
The cugfent exposure level for both aldrin and dieldrin set by
"the Occupational Safety and Health Administration is an air time-
weighted average (TWA) of 250 ug/m3 for skin absorption (37 FR
22139).  In 1969, the U.S. Public Bealth Service Advisory Committee
recommended that the drinking water standards for both aldrin and
'dieldrin be 17 ng/l (Mrak, 1969). Also, the U.N. Food and Agricul-

ture Organization/World Health Organization'é acceptable daily

intake for aldrin and dieldrin is 0.0001 mg/kg/day (Mrak, 1969).




Current Levels of Exposure
The people of the United States are éxposeddto aldrin and

dieldrin in air, water, and food. As mentiongd earlier, aldrin or"

dieldrin has been found in more than 85 percent of the air samples

tested by the U.S. EPA (Epsﬁein, 1976). The levels vere as high as

2.8 ng/m3 resulting in an intake of up to 0.098 ug/day. pieldrin

can travel great distances in the air, especially vhen absnrbed to

particulate matter. Thus people can potentially be exposed to

pesticide treatments from other countries.

Waters recently sampled in the United States contained aldrin“

or dieldrin in amounts up to 0.05 mg/l (Barris, et al. 1977). The‘

standard diet in the United States has been calculated to contain

approximately 43 ng/g of dieldrin. According to Epstein (1976)
tolerances for dieldrin in cattle-meat fat, milk fat, meat, and

meat by-products have been petitioned for at levels of 0.3, 0.2,

and 0.1 ppm, respectively.

special Groups at Risk

Children, especially. infants, have a high dairy product diet

that has been shown to contain dieldrin (Manske and Johnson, 1975).

It has also been demonstrated that human milk contains dieldrint

residues and that some infants may be exposed to high concent:a;

tions of dieldrin from that source alone (Savage, 1976).

In early studies, Curley and Kimbrough'(1969) and Zavon, et

al. (1969) reported that dieldrin and several other chlorinated‘

hydrocarbon pesticides were present in the -tissues of stillborn

infants. Curley, et al. (1969) also reported that dieldrin and

other pesticides could be found in the blood of newborn infants.
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No wo:k'has been carried out on neonatal animals with either
aldrin or dieldrin; however, due to the sensitivity of neonatal
animals to other carcinogens, this should be an area of great con-
cern.

Basis ané Derivation of Criteria

The aldrin and dieldrin carcinogenicity data of Walker, et al.
(1972) and the National Cancer Institute (1976) (43 FR 2450) were
analyzed using a linearized multistage modellas discussed in the
Human Health Methodology Appendices to the October 1980 Federal
Register notice which anpounced the availability of.this document.
It should be noted.that thé Walker, et al. study used 99 peréent
pure dieldrin while the NCI study used technical grade dieldrin.

Under the Consent Decree in NkDC v. Train, criteria are to
state 'recommendgd maximum permissible concentrations (including
where appropriate, zero) consistent with the protection of aquatic
organisms, human health, and recreational activities." Both aldrin
and dieldrin are suspected of being human cafcinogens.‘ Because
there is no recognized safe concentration for a human carcinogen,
the recommended concentration of alérin/dieldrin in water for maxi-
mum protection of human health is zero.

Because attainiqg a zero concentration level may be infeasible
in some cases and in order to assist the Agency and states in the
possible future development of water quality :egu1ations; the con- .
centrations of aldrin and dieldrin éorrespondiﬁg to several incre- .
mental lifetime cancer risk levels have been estimated. A cancer
risk level provides an estimate of the additional inciéence of can-

cer that may be expected in an exposed population. A risk of 10'5
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for example, indicates a probability of one additional case of can-

cer for ‘every 100,000 people exposed, a risk of lb'é_indicates one

additional case of cancer for every million pecple exposed, and 307

forth.

in the Federal Registei notice of availability of draft ambi-

ent vater quality criteria, EPA stated that it is considering set-

ting criteria at an interim target risk level of 10”3, 1076 or 10”7

as shown in the table below;'

0 10”7 - -
ng/1 ng/1 ng/1 ng/1

2 liters of drinking water
and consumption of 6.5 grams
of fish and shellfish (2)

Aldrin 0 0.0074 0.074 0.74
Dieldrin ) 0 0.0071 0.071 0.71

Consumption of £ish
and shellfish only.

Aldrin 0 0.0079 0.079 0.79
Dieldrin _ 0 0.0076 0.076 0.76

(1) Calculated by applying a linearized multistage model as dis-
cussed above. Appropriate bioassay daﬁa used in the calcula-
tion of the model.are_ presented in Appendix I. Since the
*extrapolation model is linear at low doses, the additional‘
lifetime risk is directly proportional to the water concentra-
tlon. Therefore, water concentratxons corr@sponding to other
risk levels can be derived by mult1ply1ng or dzv1dzng one of

the risk levels and corresponding water concentrations shown‘

in the table by factors such as 10, 100, 1,000, and so forth.

Exposure Assumptions Risk Levels and Corresponding Criterig(l)
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(2) Ninety-four percent of aldfin exposure results from the con-
sumption of ;quatic organisms which exhibit an average biocon-
centration potential of 28rfold, but for purposes of c;iterian
development are assumed to bioconcentrate aldrin -at 4670,
because aldrin is converted to, and stored as dieldrin in
these organisﬁs (see Appendix 1). The remaining 6 petceﬁt of

aldrin exposure results from drinking water.

RS

Ninety-four percent of dieldrin exposure results from the con-
sumption of aquatic organisms which exhibit an average biocon-
centration potential of 4670-fold. The remaining 6 percent of
dieldrin exposure rgsults from drinking water.

Concentration levels were derived assuming a lifetime exposure
“to various amounts of aldrin/dieldrin, (1) occurring from the con-
sumption of both drinking w#ter and aquatic life grown in water
containing the corresponding aldrin/dieldrin concentrations ‘and,
"(2) occurring solely from the consumption of aquatic life grown in
‘the waters containing the. corresponding aldrin/dieldrin concentra-
-tions.

Although total exposure information for aldrin and dieldrin is
discussed and an estimate of the contributions from other sources
of expdéure can be made, this data will not be factored into the
ambient water quality criteria formulation becguse of the tenuous

estimates. The criteria presented, therefore, assume an incremen-

tal risk from ambient:water exposure only.
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APPENDIX 1 .

Summary and Conclusions Regarding the

Carcinogenicity of Aldrin and Dieldrin%*

Aldrin has induced liver éumors in males and females of three
strains of mice according to reports of four separate chronic feed-
ing studies. It has failed to induce a statistically significant

carcinogenic response in rats at any site according to reports of

" five studies in two-diﬁférent strains. In two bacterial assays
with and without aétivation (S. typhimurium and E. coli) it was
:found to be nonmutagenic, but it did p;oduce unscheduleé DNA syn-
" thesis in human fibroblasts with and without activation. The in-
. duction of hepatocellular éarcinoma in both male and female mice
from the administration of aldrin leads to the conclusion that it
is likely to be a human carcinogen.

Dieldrin, which is readily formed from aldrin in the environ-
ment and by metabolism of aldrin ih rats, mice, fish, and many
'other species, has proauced liver tumors in four strains of mice
according to six reports.of chronic feeding studies and possible
liver tumors in an unpublished study with a fifﬁh strain. In rats
. it has failed to induce a statistically significant excess of tum-
_ Oors at any site ;n six chronic feeding studies in tbree strains. 1t

was found to be mutagenic in S. typhimurium after metabolic acti-

-vation with mouse liver enzymes, but it was not mutagenic in

two other studies of the same bacterial strain with a rat liver

. ‘
. This summary has been prepared and approved by the Carcinogens
Assessment Group, U.S. EPA, on July 25, 1979.
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enzyme activation mixture. The inductién of hepatocellular carci-ﬁ
nomas in mice leads to the conclusion that dieldrin is likely to be
a human carcinogen. o
Both aldrin and dieldrin have been fouhd to be nonmutagenic in
several test systems as follows- a) gene conversion in S. ’gg;g:J
visie; b) back mutations in s. marcescens, and c) foward mutations
at two loci in E. coli. Several other organochlorine pesticides
wvhich produce mouse liver tumors are also nonmutagenic in the same
gsystems. ‘ |
The induction of liver tumors in mice of ‘both sexes by aldrin
and dieldrin is sufficient evidence that they are likely to be hu-
man carcinogens. :
The water quality criterion for aldrin is based on the hepat:o‘-”i
cellular carcinoma incidence in male B6C3F1l mice in the NCI chronic
test, and on this same response in groups of female CF-1 mice in the
walker, et al. (1972) experiment, because aldrin is converted to
and stored as dieldrin in fish. It is concluded that the water con-
centration of aldrin should be less than 0.74 ng/l in order to keep
the lifetime cancer risk below 10-5. For dieldrin the criterion is
based on the response in groups of female CF-1 mice in the Walkérf‘

" et al. (l1972) experiment. The corresponding concentration for

dieldrin is 0.71 ng/l.
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Summary of Pertinent Data for Aldrin’

The water quality criterion for aldfin is derived from the
hepatocellular carcinoma response of the B6C3Fl male mice given
aldrin in the NCI bioassay test. The slope of the one-hit dose-

response curve for aldrin is calculated from the following para-

meters:
Dose Incidence _
(mg/kg/day) ‘ (no. responding/no. tested)
0.0 ' | 3/30
0.52 | 16/49
1.04 25/46
le = 80 weeks w = 0.035 kg

Le = 90 weeks
L = 90 weeks

ZWith these parameters the carcinogenic potency factor for hu-
mans, ql*, for aldrin is 11.45 (mg/kg/day) L.

The conversion of aldrin to dieldrin in fish results in the
accumulation of dieldrin-tesidues in £ish oxpoce§ to aldrin. This
makes it necessary to consider the risk resulting from intake of
dieldrin stored in f£ish due to the p;esence~of aldrin in water.
Thus, thg-ctite:ion for aldrin also depends upon the carcinogenic
potency factor for hu@gns, q,*, for dieldrin, which is 30.37
(mg/kg/day)” L.
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The equation describing
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the risk due to aldrin in wvater is

derived from the general relationship:

P = BgD and D = 1/70 kg, thus

P = BB 1/70 kg and
P(70 kg) = Byl

where

P.

By

70 kg

individual lifetime risk (set at 10'5 for criterion
calculation)

average daily human intake of the substance in
guestion

estimated c;rcinogenic potency factor for humans

averﬁge weight of humans

since aldrin in water leads to the accumulation of dieldrin

residues in fish, the egquation describing the risk due to aldrin

is:
Pa (70

where

Rad

2.0 l/day

0.0065 kg/day

kg) = By, C, (2.0 1/day)+ By, C, R,q (0.0065 kg/day) +

Bgg Ca Rag (0-0065 kg/day)

risk due to aldrin (set at 10~> for criterion calcu-
lation)

11.45 (mg/kg/day)'l, the aldrin carcinogenic potency‘
factor for humans

30.37 (mg/kg/day)-l, the dieldrin carcinogenic poéi
tency factor for humans '

criterion concentration for aldrin (to be calculated)G

28 1l/kg, the £fish bioconcentration of aldrin from
aldrin .

4642 1/kg, the fish bioconcentration of dieldrin

from aldrin
average daily intake of water for humans

average daily intake of fish for humans




. #
The term containing R, represents intake of dieldrin resulting

from the preserice of aldrin in the water, and is thus multiplied by
the dieldrin dose-response slope. R,q is estimated by assuming:
that in the absence of conversion to dieldrin, aldrin would biocon-
centrate 4670 times (as dieldrin does), and that since aldrin only
accumulates 28 times, the remainder of the expected aldrin residues
are being stored as dieldrin (i.e., 4670 - 28 = 4642);

The result is that the water concentration of aldrin should be
| less than 0.74 ng/l in order to keep thé individual lifetime risk

 below 1070,
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Summary 6f Pertinent Data for Dieldrin

The water quality criterion for dieldiin fs based on the hepa-
tocellular carcinoma res;gﬁee of the‘femalelcgél‘mice given various
"concentrations of dieldrin continuously in the dxet in the experi-
. ment of Walker, et al. (1972). The parameters of the dose-response
model are: Lo -

g -

** Incidence

Dose

gmg(kg[daz)l‘ e (no. responding/no. tested)
0.0013 39/297 '
0.013 : 24/90
0.128 32/87
1.28 136/148
le = 924 days T W = 0.030 kg
Le = 924 days R = 4670 1l/kg

L = 924 days
With these pareheters'the carcinogenic potency factor for hu-
mans, ql*, is 30.37 (mg/kg/day)-l. The result is that the water
concentration should be”iéss than 0.71 ng/l in order to keep the

individual lifetime risk below 1075,

lDoses are concentrations determined to be in the diet. The first

dose group, the control, was found to have a level of contamination
in the diet equivalent to 0.0013 mg/kg/day.
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